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PREFACE TO THE ELEVENTH EDITION. 



Is the preparation of the present edition of Kirkes' Physiology, 
we have eudeavored to maintain its character as a guide for stu- 
dents, especially at an early period of their career; and, while 
incorporating new facts and observations which are fairly estab- 
lished, we have as far as possible omitted the controvertible matters 
which should only find a place in a complete treatise or in a work of 
reference. 

A large number of new illustrations have been added, for many 
of which we are indebted to the courtesy of Dr. Klein, Professor 
Michael Foster, Professor Schaefer, Dr. Mahomed, Mr. Gant, and 
Messrs. McMillan, who have been so good as to allow various figures 
to be copied. Our thanks are also due to Mr. Wm. Lapraik, F.C.S., 
who has kindly prepared a table of the absorption spectra of the 
blood and bile, based upon his own observations; as well as to Mr. 
S. K. Alcock for several careful drawings of microscopical prepara- 
tions, and for reading several sheets in their passage through the 
press. 

Mr. Danielsson, of the firm of Lebon & Co., has executed all the 
new figures to our entire satisfaction; and for the skill and labor he 
has expended upon them we are much indebted to him. 

"We are desirous also of acknowledging the help we have derived 
from the following works : Klein's Histology; M. Foster's Text- Book 
of Physiology; Pavy's Pood and Dietetics; Quain's Anatomy, Vol. 
II., Ed. ix. ; Wickham Legg's Bile, Jaundice, and Bilious Disease 
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Watney's Minute Anatomy of the Thymus; Rosenthal's Muscles and 
Nerves ; Cadiat's Traits D'Anatomie G^n^rale ; Ranvier'a Traits 
Technique D'Histologie ; Landois' Lehrbuch der Physiologie des 
Menschen, and the Journal of Physiology. 

W. MORBANT BAKER. 

V. D. HARRIS. 

WlHPOLE BtRBRT, 

August, 1884. 
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ncMAK PiiYsioutnY id tlm Mcietice which treatii of the life of man — 
of the way in which ho lives, and moves, and has his being. It teachoo 
bow man is begotten und born; liow b& attains maturity; and liow ho 
dies. 

Having, then, man ns the object of it!« Btudy. it h unnecessarr to B]M*ak 
hero of the hiws uf life in general, ami the iiienns b,v whit,;!) they are car- 
ried out, further than is requisite for the more clear understanding o( 
tbcae of the life of mn?! in particular. Yet it would be iinpcxwible to 
QDilentiuirl rightly the working of a complex niai^hiiie without some 
knowledge of its Tnotirc power in the rimplest form; and it may be well 
to jwe first what arc the Bo-oalled enMHlinh of life — those, namely, which 
are niauifeated by all living beings alike, by the lowest vegetable and the 
highest animal — befori' proweding to the coneideniiion of the stnictura 
and endowments of the organs and tissue belonging to man. 

The c^eentials of life are these, — Birth. Growtli and Development, 
Peeline and Death. 

The term birth, when employed in thi« general sense of one of the 
condition* essential to life, without reference to any particular kiud of 
livini; being, may bo taken to mean, eeparation from a parent, with a 
grtmler or lew power of indepcmient life. Taken thna, the term, 
Althoagh not deRning any partionlar stage in development, servos well 
enongh for the expression of the fact, to which no exception ha* yet been 
provei] to exist, that the capacity for life in all living beings ia obtained 
by itvhorilanoe. 

Growth, or inherent power of increasing in »\7.p, although e8«>ntial 
to our idt-a of life, Im not coritiiied to living beings. A crystal of eomnion 
aalt. or of any other similar substance, if pbcod nnder appropriate coudi* 
Vou I.-l. 
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tions for obtaining frtsh miiterial, will prow in n fashion as definiielycliAr* 
Mteristic and as casllT to lie foretold as that of a living creature. It i», 
therefore, necessary to explain the distinctions which exist in this respect 
between living luid lifeleHs eiructures; for tlie manner of gron*ih tu the 
two cases ifl widely ditTerent. 

Differences between Living and Lifeless Growth.— fl.) Tho 
grnwlh of a crystal, to use tlie siiiie exauiple lus before. Lakes [daee merely 
by additions to its outside; the now matter ia laid on iMtriicle Ijy particle, 
and hiyer by layer, and, when once laid on, it rc-mainti unchanged. Th 
growth is here said to be sHperficiaL In a living strncliire, on the othe 
hand, as, for oxiunple, a bruin or a mn.srle, where growth occnni, it is b 
addition of new matter, not to the surface only, but throughout erer; 
part of the mjies: lite growth is not superficial, hut itiferm/ittaf. 

{2.) All living stnicturoe are subject to coni;tuni decay; ami life 001 
siatfl not, as once supposed, in the power of prereutlng this ncver-ecoei: 
ilecay. but rather in making up for the lo&s attendant on it by nereis^ 
teasing repair. Thus, a man's body is not composed of exactly the ttam 
particles day after day, although to all intents he remains the eame Uidi 
vidual. Almost every ]wrt !» changed by degrees; hut the change ir 
gradual, iind the renewal of that which is lost bo exact, that no difference! 
may he noticed^ except at long iniiTvala of time. A lifelcrts structure, 
fu a crystal, is subject to no such laws; neither decay nor repair is a 
nece-fftary condition of its existence. 'J'hal which is true of siructnn^ 
which never had lo do with life is true also with reepect to those wliiiTh 
though tiiey arc formed by living parts, are not themselvcB alive. Thu 
an oyeter-shell is formed by the living animal which it encloses, but it 
as lifeless as any other mass of inorganic matter; and in accordance wit 
this circumstance its growth takes place, not t»ttr»lUinUy, hut layer b 
layer, and it is not subject to the constant decay and reconstniction which 
belong to the living. The hiiir and niiils are examples of the same fact, m 

(3.) In connection with the growth nf lifeless masses there is noaItor>V 
ation in the chemical constitution of the material which is taken up and 
added to the ])reviou8ly existing mass. For oxiunplc, when a crystal of™ 
common salt grows on being placed in a fluid which contain.* the sam^l 
material, the properties of the salt are not changed by being taken out of 
the liquid hy the crystal and added 10 its surface in a solid form. Buta 
the cose is eseentialfy different in living beings, both animal and vcgetn^^ 
bio. A plant, like a crystal, can oidy grow when fresh' material ts prc- 
gented to it; and this is absorbed by its leaves and rootfi; and animals,^ 
for the Bamc purpose of getting new matter for growth and nntritinn,^ 
t«kp food into their ptomuchs. But in both these cases the materials are 
much altered before they are finally owtwnVa/erf by the structnres ihey 
are destined to nourish. 

(4.) The growtli of all living things has a definite limit, and the \& 
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rhich goTcraB this Umitntion of inereftee in size is so iuvariuble that we 
loiild be aa much anionitilitKl to fiiid an individual plant ur aniiuaU witli- 
il limit a£ to ^'rowtli us without limit to life. 

Development ia an cunfitaut an uui.'umpaiiini<jiit of life as growth. The 
inn ia use*i to iudic-nte that change to whicli, before raaturity. all living 
ta are conatantly subject, and by wliich they are modo more and more 
ipable of ]>orfonuing their aevenij functions. For oxatnplc, a f ull'gruwn 
inan ii not merely a magnifioil cliild; hit« lisduua and oTfinna have not only 
grown, or increoMd in size, thcj lutve abo ileivlopei/, ov become twtter iu 
quality. 

No verj' accnrate limit can lie drawn iHjtwwtu the end of development 

ami the Ixtgiiining of decline; and the two processes may be often seen 

together in the eame individual. But after a time all [Mirts alike share 

^Efji the lenilency to dcpciUTation. and tins is at loiiglli siicecvdcd liy dvjith. 

H^ DiAerences between Plants and Animals.— It has been already 

^Haid that the ciioential foaturoti of life are the same in all living things; 

in other words, in the mombcrB of both the animal and vegetable Tcing- 
^^doma. It may 1* well to notice brielly the ilititim-tinnrt whif^h exist be- 
^■vecn the memhera of thcEo tvo kingdoms. It may accm. indeed, a 

ctmtige notion tlial it is poHible to cottfuutkd vegetables with animaU. 

but it is true with nKSp^ct to the lowest of them, in which but little is 

tanifceted l>eyond the essentials of life, which arc the same iu both. 
(I.) Perhapfl the most eauential distinction is the presence or absence 
power to live ujjon inorganic material. By means of their green color- 
ing matter, chhrophifi — a subdtance almost excluaivetr t^onfinerl to the 
[^fegetable kingdom, plants are capable of decomposing the carbonic acid, 
iimonia, and water, which they absorlt by their leaves and roots, nod 
utilizing them as food. The rosuli of this chemical action, which 
only under the influence of light, m, so far aa the airbonic acid is 
liod, the fixation of carbon in the plant structureit and the exhnia- 
Ion of oxygen, .\nimal8 are incapable of thus using iuorgiinic matter, 
id never exhale oxygen as a product of decomposition. 
The power of living upon oi^nic m well m inoi^r^iic matter is loaa 
tve of an animal nature: inniimuch an fungi and some other planta 
their nourishment in part from the former source. 
(2.) There is, commonly, n marked difference in genornl' chemical 
idtion between vegetables and animalR. even in their lowest fornix; 
rhile the former consiat mairdy of rfiltt/one. a aubstance closely allirtl 
Ui starch and containing carbon, hydrogen, and oxygen only, the latter 
are compmed in great part of the thi*ee elements just nametl, together 
with a fonrth, nitrogen; the chief proximate principles formed from 
tfaeie being identical, or nearly so, with albumrM. It must not he sup- 
poaed, however, that either of these typical compounds alone, with it« 
Mtliet, i» eonflnud to one kingdom of nature. Nitrogenous cumpouniU 
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we freely prcxluced in vegetable etracturos, although tliey forin a vtry 
niucli wualler proportion of the whole orgauiem than celhiloBo or staruh. 
And while thv presmicc of tlit' tutler in Huiiiiulii in inuvh more rare than 
IB that of the former in vegetables, there are m&iiy auimnU in which 
traces of it may be dificovered, and some, the Ascidians, in which it is 
found ill considerable quBntity. 

(3.) Inherent power of movement is a quality which wo ao commonly 
Ronf^ider an ot^snnticl indication of animal niiture. that it is difficult at 
first to conceive it existing in any other, ,The ciipnbility of simple motioa 
is now known, however, to exist in &> many vegetable forms, that it can. 
no longer t>o hdd as an essential distiuotion butweeti them and animals, 
and ceases to be a mark by which the one can be distinguished from the 
other. 'L'huK llie zooi^jiorHS of nnmy of llie Cryptogamia exhibit ciliary 
oramteboid movement* (p, S) of alike kind to those seen in animalcnlea;! 
and even among tho higher ordora of plants, many, e. g., Dhu/xa ^h9~ 
ripiila (Venns's fly-trap), and Munosa Se.iisitiva (Sensitive plant), exhibit 
such 'motion, oithttr at regular tiniei^. or on the applicHtion of external 
irritation, m might lend one, were this fact taken by itself, to regard 
them as suntit'ut Wings. Iiihen-iit power of muvement, then, although 
specially chaiact-eristic of animal nature, is, when taken by it«elf, 
proof of it. 

(4.) The presence of a digestive canal is a very gonoral mark 
wliirh an nnimal c«n be distinguished from a vegetable. But the low 
animals arc enrrounded by material that thoy can take as food, us a pb 
is BUiTonndcd by an utmaspbere that it can use in like manner. And 
every part of llicir Iiodj being mlaplwl to abiiurb and dignst, they have 
no need of a special receptaelo for nutrient matter, and accordingly have 
no digestive canal. Thiis distinction then is not a cardinal one. ^ 

It would he tedious as wull 'as unnecossari' to enumerate the chief dis-J 
tinctions between the more highly developi*d animals and vegetables. 
They arc mifficiently apparent. It is necessary to compare, side by side, 
the lowest members of the two kitigdnms, in order to understand rightljT; 
how faint are the boundaries between them. 




CHAPTER II. 

STRUCTL'RAI. BASIS OF THK HUMAN BODY. 

Ilv diBsection, tho human body can l>e proved to consist of TarioQB dis- 
imilar parCR, bones, masolcH, brain, ht^rt, lungs, intostinos, etc.. while, 
more minnte pxnrainution. thcec are found to be oompoecd of diffcront 
t«e, such as the couuective^ epitbelial, uervous, mu&cular, aud the 
like. 
^^ Cells. — Etnbn'ology teaches ns thai nil this complex organimtion has 
^HK-i'H dvvelojK-d twin u mloroscopic body iiboiit -y^„ in. iu diiunvlvr 
^■(omia), which comist* of « spherical mass of jelly-like mHlt«r enclosing 
^^B smaller spherical iHxly (f^rminal rcfliclf^). Fnrtlior, eiich individuid 
^Ftiwne can be shown largely to consist of bodies essentially similur to au 
OTnm, thongh oft«n differing from it very widely in eitemal fomi. They 
termed eelh: and ii must be iit once evident that a correct knowledge 
if the nature and activities uf the cell forms the very foundation of 
>hysiology. 

Cells itrc. in fact, physiological no less than histological unite. 

The prime importance of the cell aa an element of 8triict\ire was first 

Btablished by the researches of Scldeiden, and his conclusions, drawn 

im the atudy of vegetable histology, were at once extcndeil by Schwann 

the animal kingdom. The earlier ol^ervers defined a coll as a more or 

spherical limly limite^l by a membrane, and c^nntaining attmaller body 

led a nuelrun, which in its turn encloses one or more nvcleoU. Such 

• definition applied admirably to most vegetable cells, but tho more 

^bxtcnded inTe5tiy:atio)i of animal tisKueti booh showed that iu nmuy cases 

^Bio.limitinK menibmue or cell-wall could be demonstrated. 

^B The presence or absence of a cell-wall, therefore, vas now regarded as 

^B|nit« a secondary maitor, while at the Mme time the cc11-su)wtance came 

^^^mdnally to be recogpiw^ as of primary imporijince. Many of tlie lower 

fonns of animal life, 0.^., the Rhizo]MKla,were found to consist almost entire- 

y^l" of matter rorr similar in appennuice and chemical composition to tho 

^Hpril*«ab8tancc of higher fomiK: and (his from it» diemiita) nwemblance to 

ile&h waa termed Sarcwie by Dujardin. When recognized in vegetable 

caili it waa called Protoplasm by Mulder, while Keniak applied the same 

tuune to the substance of animal cclU. As the presumed formative mat' 

1>T in antm;d tissues it was termed lUtutrmn, and in tho belief that, 

I vlKSFover found, it alono of all substances has to do with generation and 
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nutrition. Heale hap nnmpd it Germf?ia! ?nalfer or BiopUtmn. Of those 
terms \\\v one most in vogue itt thu preui-'iit du^v ii* rrytophism, mid iniig- 
mucli jui all life, both in the animal and vegetable kiii;;doin8, is aasucmtinl 
with protoplasm, we are justified in describing it, with Huxley, as the 
'■physiciil basis of life." 

A cell may now Iw defjTied aa a nucleated mnes of protoplasm,' of 
microscopic size, which poescsacfs autlicicut individuality to have u life- 
hiatory of its own. Each cell goes througli the beuqc cycle of changea 
m the whole or^tiiism, though doubtlesii in a mudi shorter time. Ik>giu- 
ning with its origin from some pre-existing cell, it grows, prwiuces other 
cells, and finally dies. It is true that several Inwor forms of life conRist of 
nou-nncleated protoplasm, but the above definition holds good for all 
the higher ]iluiitfl and aiumtilB. 

Honce a gummary of the manifostationB of cell-life is roally an Account 
of the ritid uctivitius of jirotoplaKm, 

Protoplasm. — Pfitfsical characters. — Physically, protoplasm in visdtl, 
varying in consistency from semi-fluid to Rtrnnglyc ohereiit. Cheniioil 
characters. — Chemically, living protoplasm is an extremely unstable albu- 
minoid Hubstancc, ineoltible in water. It is neutral or weakly alkaline in 
reaction. It undergoes heat stiiTeuing or wwgulatiou at about ISO^F. 
(S*'5*C.), and hence no orgaiiisra can lire when \is own temperature is 
raided beyond this point, though, of courpe. many can exist for a time in 
u much iiotttir utntOMphu>re. since tlicy possess the meuiis uf regulating 
tlieii' own temijeratiire. Besides the coagulation pro*Jnced by heat, pro- 
toplasm ic coagulated by all the reagents which produce this change in 
albumen. If not-living protoplasm be subject^'d to chemical ntialms it 
is found to he made up of numerous liodicti ' iH'flideti albumen, P.g., of gly- 
cogen, lecithin, Kults and water, so tluit if living pi-otoplaeni be, fa some 
believe, on independent chemical body, when it no longer possesses life, 
it undergoes a die integral ion which is accompanied by the ap|>eaiiuiev of 
these now chemical substancei^i. When it in examined under the micro- 
scope two varieties of protopUsm are recognized — the hiiaUne, ami tho 
granular. Both are alike tninsparent, but the former is perfectly homo- 
geneous, wlitle tho latter (the more common variety) nontains small gran- 
ules or molecules of various sizes and shape.s. Globules of watery Quid 
are also Bometimes found in protoplasm: they look like clear spaces in it, 
and are bonce called vncnoleg. 

Vital or Phtf»io}Qf]ieal characters. — Thes^? may bo conveniently treated 
under the three bea<ls of — 1. Motion; II. Nutrition; and III. Repro* 
duction. 



'In the bumaB body tbc colli rang* fnun the r«J 1)I<kkI-ci-11 (jj^d In.) to llic 
llon-celUxim) Jn. 

* For nn account of wliicli, refercuce tliould be msde to the Appendix. 
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I. Motioa. — It is probable that tlie protoplasm of «ll cells h capable 
at 8onie timo of exhibiting movomont; at any rate this phoaotncnonj 
which not. long ago was regimltHl »a qnitp a curioBity, hiw been rt'cenlly 
olHicrvecI in otllc; uf niany ililTt-reiit kiniU. it iimy be rfudily i;tudie<l in 
the Ania'ba?, in the oolorlcas blood-cells of all vcrtebrata, in the branched 
coruea-celU of the frog, in the hairs tif tliu slinging- nettle and Tnides- 
cantia, and the veils of Vulliduoria und Cliam. 

These motions may be divided into tro chhuek — (a) Fluent and {6) 
Ciliary. 

Another variety — the molecular or vibratorv — has also hwn Rlassod by 
some obecrvcrs as vital, but it seems exceec^ingly probable that it is 
nothing moro than the -well-known "lirowiuan" molecular movement, a 
purely mechanical phenomenon which may be ohsened in any minute 
panicles, e.g,, of gamboge, suspeuded in a fluid of suitable density, aueli 
as water. 

Such pjtrticlea are seen to oscilkte rapidly to and fro, and not to pro- 
gress in any definite direction. 

(ft.) Flufiii. — This movement of protoplasm is rendered poreoptihlo 
(I) by the motion of the granuliert, which are nearly always imbedded in 
it, and \i) by changes in the outline of 
itsmoas. 

If part of a liair of TrwleBcantia 
(Fig. I) be viewed under a high magni- 
fying power, streams of protojilnsm con- 
taining crowds of granules hurrjing 
along, like the foot pasaetigers in a buny 
street, arc soon flowing stc-ortily in dotl- 
nite dirvi'tiona. some coursing round ,r . ^.. # ,■ ■ . . 

^ Fio ].— Cell of Tnul««oantl* draim at 

the film which ]ini;s tliL* interior of the «ior.»Q«- ini.-rvttU of wn mtnuu* ti» 

Littll-voutrAtti vuimbtl ot a t-vritnil iiLBMCon- 

Oell-Wall, and others flowing toward or m-'^twl hy nmny Im-tnilnr prm-nwrt In n 

, . 1-1 p'rtntwriiJ flliiir tlit> ■.liolw rivrrii" a swriKV 

away from the irregular mass in the iniiiimnMiDf i>jTitopin.-.iii. w]ii<-h i«(*mtinu- 

, ,, ,, . __ ,, nlly ehajiisins fill fclia-im, (Soliiirli'UI.) 

centre of the eell-cavity. Many of tlicse 

streams of protoplasm nm togetlicr into hirger ones, and are lost in 

(he ocntnil nuiss. and thns ccaselegs variations of form are produced. 

In the Aniu-ba. u minute animal cunsisting of a shapeless and struc- 
tureless mags of sarcode, iin irregular moss of prutoplaam is grwdnally 
thrust out fi-om the main body and retracted: a. uocond nijua U then pro- 
tnidcd in another direction, and gradually the whole protoplasmic snb- 
etunue is. lis it were, drawn into it. The Anm'ha thus comes tu occnpy a 
new position, and when thin is repeated fleveral tinioa we have locomotion 
in a definite direction, together with a continual change of form. These 
movements when obsen'ed in other oellH, such as t]ie colorless blood- 
corpuscles of higher animals (Fig. -i) are hence termed amwbmd. 




Colorless blood-corpuscles were first observed to migrate, i.e., pssa 
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throngfa the walls of the bItxKl-vefuiplii (p. IbQ), bv Waller, whose obs«r- 
viitions were coiiflrmed iimlcxtontipd lo connective tisane corpusclee by 
tlie refleardiea of lifckliiiglmurtc]], Colinh«'iiii, ami others, and tiuig the 
Iiliciiomennn of niijiTation lias liepii |>roVfd to play uii importuut part iu 
iiiiiiiy iLornml, and patbologicul proceasee, especially iu that of luHaiu- 
iimlion. 

This amcdboid murement enables many of the lower luiiniulfi to cuipture 
their prey, whicli tlie_v«ct:ompli8li by Mniply Howiiig rouudaiid i-ncloeiugit. 

The roiniirkuble mutioit^ of pIgment-gnLnidei> ohserved in the branched 
plgmcnt-coUa of the frog'« skin by Liatei* are probably due to ania'boid 
niovenient. Tliese praimles arc seen At one time distrihiued imifctrmly 
through the Imxly inul bmnched processies of the cell, whik; undi-r the 
Hction of varinns stinuili [r.rf., light nnd clet-tricity) they uoUeot in the 
cutitral niiiss. leuvirig the branches quite colorless. 

(b.) i'iUiir^ »<;tiu:i imiat be rt'gurdwl ue only a special variety of the 
general motion with whii^li nil jmitoplasm is endowed. 

The grounds for this view are the fidlowing: In the case of the lufu- 
soriu, which move by the vibration uf ciliii (uiicrosi-0]iic h^ir-Hkejirocessee 
projecting from the HurfiiL-c of their lx»dies) it luiS btc-n proved that these 
arip simply proceeseH of their protoplasm protruding through pores of the 

Via. 3.— HumftD colorle* Idood-corpujide. Hbnirlni: lu suiMMBiTi? (.-huaEv* it ouUiiw withm Mb. 
titlnuw* whm lu-pl mciUi un a warm BlaKf. iSchnniild.) 

investing mambranc, like the ours of a galley, or the head and legs of u 
tortoiat? from ita abcH: certain reagents cnuse them to be partially re- 
tracted. Aforcovcr, in sonic ciutcs cilia have l>oen o1)sen'od to develop from, 
and in others to be transformed into, amceboid processes. 

The movement* of protoplnam can be very Iiirgely modified or even 
tinflpcndcd by external nondition^ of which the following tuto the meet 
important. 

1, Changenof (emperalnrr. — Moderate heat acts as a etimulan-: this 
is readily obavrvud in the activity ot the movement* of ahumaii crolorless 
blowt-^-orpui-Lle when placed under conditions in which it* normal tem- 
perature and moisture are preeervetl. Extreme* of heat and cold stop tho 
motions entirely. 

2. Mfiriuiniral »tmuh. — When gently squeezed between a cover imd 
object glu«s undt-T proper conditiom;, a cotorlese blood-corpUHcIu is stimu- 
lated to nctive iinuebnid nHA'ciiicnt. 

Z. AerFc iiijltirm-i: — By stimnlation of tho nerves of the frog's cornea, 
contraction of certain of its branched cells has been jirodneed. 

■I. ffteniiail stimuli. — Water generally stops amoeboid movement, am! 
by imbibition cauE<^ great swelling and finally bursting of the cells. 
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In Bomo cosM, bowerer, (myxomycetee) protoploeni can be almost 
entirely dned up, and is yet capable of renowiog iU motions when iiguin 
moist ouc-d. 

I'iluto Bait-eolation and nunv dilute acids and alkalies, stimulate the 
movement* temporarily. 

Ciliary niovoment is eiiapended in an atmosphere of hydrogen or car- 
bonic acid, and resumed on tlit! lulmiasion or uir or oxygen. 

6. Eleeirimt. — Weak cnrrcata stimulate the movement, while strong 
enrrents cause the corpuscles to assume a spherical form and tu becoitie 
l^notianleas. 

^H IL Nutrition. — The nutrition of cells vill be more appropriately 
^^dwcribwi in the chaptern on Secretion and Nutrition. 
I Before describing the Reproduction of cells it will be neceiwary to con- 

^B aider tliuir (ttriicture more at Imgth. 

1^ Minute Structure of Cells.— (a.) rvW-wwW,— We have seen (p. S) 
, that the presence of a limiting- membrane is no essential part of the dcflni- 

Ption of a eeW. 
In nearly all cells the outer layer of the protoplnam attains a firmer 
iwnHiiitency thuu the dee|)er portions: the individuQlily of the cell bo- 
c<imiiig more and more clearly murkvil as this cortical layor bwroines more 
ji and more differentiatv'il from the deeper portions of ceil-sulwljuice. Side 
^Blry side with this phyriical. there is ii gnuUial chemical differentiation, till 
" at length, as in the ci\^ of tlio fat-cells, we hitvo a dellnite limiting-mem- 
brane differing chemically iw well m physifiilly from the cell-conlontx. 
and remaining ns a shriveled-np blmldcr when they have been removeil. 
Such a miimbmne is trans[iarent and structureless, flexible, and per- 
ineable to fluids. 

The cell-substance can, therefore, still be nourished by imbibition 
through the cell-wall. In many cases (especially in fat) a membrane of 
some toughness is nlMWilutely neceaaarr to giro to the tissne the recpiiailo 
«on*i8U;ncy. When thcac mcmbranea attain a certain degree of thickness 
independence theyim< termed capsuleti: hr examples, we may cite the 
lee of cartilago-oclU, and the thick, tough envelope of the ovum 
termed the ''primitive chorion." 

fU.) ('eli mntenti'. — In accordance with their respective agtw, positions, 

uid functions, the contents of cells are very varied. 

^K The original protoplasmic substance may undergo many transforma- 

^■tions; thus, in f»t-cells we may hare oil, or fntty crystals, occupying 

^Bttearly the whole cell-cavity: in pigment-cells we find granules of pig- 

^^nent; in the vnrioim gland-cells the elements of their sccrettonn. 

Moreover, the original prntn|iliwniic contents ol the cell may undergo a 

gradual ehemiral change with ailvancing age; thus the protoplasmic cell- 

mbatanoo of the deeper lavore of the epidermis becomes gradually con- 

Tttrtcd into keratiu as the cell up])roacbeB the surface. So, too, the orig- 
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inal protoplaam of tlic embrj'onto btood'C^ells ia njpluced bf the hsmo- 
globiii of tbv iiiatun.' t-olorcd blood-corimEcIo. 

The minute structure of celjs bos lately been made the snbjoot of carfr- 
fu] investigation, uud what van iftme regitrcled us homogeiieouK protu- 
plttsiii with a few fictkttered giaiicitc-Sr lias been stated to be uii oxL%«4lingly 
complex atructure. In colorless bloo^i-coriJUftcIee, epitbelial cells, con- 
nective tissue corpnAcles, ncrrc-cclk, and many other rarieties of oelb, 
an iittraceUitfar nelwork of very fine fibrils, the meshes of which arc 
occupied by n liyuline interatitial nubetaiice, has been demoiiatrated 
(Heitzraanu's network) (Fig. 3). At tlio nodes, where the fibrils cross, 
are little swellingti, and these are tlie ubji^cts doet-ribed as fannies by 
the older obst-rvers: but in some celU. a.rj., col'>rluati blood corpuscles, 
there are real gnmules. which appear to be qmte free and unconnected 
with the intra-celluliir network. 

(c) Nucleus. — Xiiclei (FtR. 3) were first pointed out in the year 1833, 
by Robert Brown, who observed them in vegetable cells. They are either 




Fin. S. ^(a) Oi>1iir1>q«> hVa-il-niriitiiinli* HhrwInR Intm-ivlliilu- nptwurk iif H«iUin*na, Mtid twoj 
mirlpl wlrh Intrn-niirii-iir iii-tivirrk. EKlcin ntiil NHiV Smlili.i 

ID.) Ci'lm-ml hl-HMt-ciiriniai'li' at iii-ivt. utiou liik.- liLtriv-ivlliilnr iwcwfirk iit fllinlM (TlaiDinimi)! Al 

rival iiiicl«ua cuaipcxted uC uinlCliut-in«mljnu]ciiua Qiw lumi-auclMT Dclwork of flUiiflL x SOU: (Ektaf 



Bmull transparent veRiouIar bodies containing ono or mon.- itmaller particl 
(nucleoli), or they nre Bemi-Holid maeecs of protojjlasni always in the 
resting condition, bounded by a well-dcfincd envulopi.'. In their rebttinn 
to the life of the cell they are coi-tainly hardly second iu importance to 
the protoplasm itself, and thus Beale is fnlly justified in comprising both 
under the term "germinal matter." They exhibit their vitality by ini- 
tiating the procoas of division of the cell into two or more cells (fUuon) 
by first themBplves dividing. Distinct obaervations have been made show- 
ing that spontaneous changes of form may occur in nuclei as also in nu- 
cleoli. 

HtsttilogLstfi have long recognized nuclei by two important cbarao 
ton: — 

(I.) Their power of resisting the action of variona acids and alkalies, 
particularly acetic acid, by which their outline is more clesriy defined, 
and tbev are rendered more easiW visible. This indicates some chemical 
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arcnce betweea the protopUum oi the rvM luiil iiiii.-Wi, no the formt^r is 

jved by tJiuao rea^reut*. 
(3.) Tlitfir rjiulity of staining in eolutions of carmine, litrmatoxylin, 
tytc. \urlei ikTo most commonly oval or round, and do not genoruUy 
Feonform to tlio divcrHc shapes of the cells: they are altugelher less varia- 
ble rlortientH tlitui c«11tf, oven in regard to sine, of whii-li fact one iiiny hoc 
a j*ooi| example in the unirormity of the nuclei in cells so multifurm as 
thoev of epithelium. iJut sometiities uuclei uppuur to occupy the whole 
of the cell, ae ib the cu£« in the lymph corpuscles of lymphatic ghinds 
ftud in some small nerve cells. 

Tlieir p<«ition in the cell i« rery ramble. In many cells, especially 
'where aotive njowth is progrewing, two or more nuclei are present. 

The nuirlei of many cells have been shoivii to contain a fine intra- 
I ttt/r/mrr netieork in every respect siuiilar to that described above as iutra- 
collnlar (b'tg. 3), the interstieits of which ara occupied by semi-fluid pro- 
toplasm. 

illl. Reproduction. — The life of individual cells is probiibly very 
abort in cumpunsoii uitlt that of the organism Ihey compose: and their 
coni^tant deoar and denth nece»iitate consUmt reproduction. The mode 
in which this takes phice has long been the subject of great controversy. 
In the case nf plants, all of whose tissues are either cellular or cora- 
poatx) of cells which nre modified or have coale-tced in vnrioas ways, the 
theory that all new cells are derived from pre-existing ones was early ud- 

•voucci) and very generally lu^^epted. Hut in the ca^ of animal tissuoe 
Bcliwaun and others maintained a theory of spontauouuB.or free cell for- 
mation. 
^ According to this view a minute corpuscle (the future nucleolus) 
^■•prings up spontaneously in a stnicturelees substance (blastema) very much 
^BHffr crystal is forme^^I in a solution. This nac1eo1nsattiit^-t.4 the snrround- 
^HSg molecules of matter to form the nucleus, and by a repetition of the 
pKiOBSB the substance and wall are produced. 

Tliis theor}'. once almost universally currant, wna first dispul^^-d and 
finally overthrown by Bemak und Virchow. whose researches established 
the tnitb expressed in the words "Omuis cellula e celluld." 

It will be seen that this view is in strict accordance with the truth 
established much earlier in Vegetable Uistotog}' that ever)' cell is de- 
pcended from some preexisting (mother-) coll. This derivation of cells 
from cells takes place by (1) fjmitHaiion, or (2) fimtioa or tUriition. 

(U) 0««nw/ioH.— This method bus not been observed in the hnman 
body or the higher animals, and Ihen^fore nHpiires hut a passing notice. 
It consists eesentially in the budding off and separating of a portion of 
the parent cell. 

(?.) FitMvn or DivUioH.—Aa examples of reproduction by fiaeion, we 
may select the ovum, the blood cell, and cartilage cells. 
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In the frog's ovnm (in which the procew can be most readily ob- 
served) after fertilization has taken pkco, there is first some amcpboid 
movement, the oseilkllon ffraduallr incroasing until a permanent dimple 
appeurs, which gn«hiii]ly cxtenda into a furruw running noniplolely round 
the epheriral ovum. Mid d©o])cning iintil the entire ycl1(-masB is divided 
into two licmisphcres of protoplasm eac-h eoiiLaiiiing u nuulL<ut} (Fig. 4, b). 
Tliis proceBS being rtfi»uatt;d by the furmution of a second furrow at right 
angles to the first, we luive four cella produced (c): this subdivision is 



I Tm. *■— Dlftirratn i^ ma o-nea (oV undwrsotng wjgui antftUon. In ^bt It Tuu> dlirjilnl into t«a: la (^ 
')four;iui4^Uie [jfomm bM vuud ID tbe iKOdlKUon ot Uie w~o«l]ed " uullnirTy tuMm." (Fimj.! 

carried on till tho ovtim has been diKidcd by eegmcntation into a mass 
of cells (nuilbcny-mtws) (<■/) out of w}iich tlie eriihry'i is deycloped. 

Segnieiiliition is ttio firnt step in the development of moist unimaU, 
and doubtle;^ tukex plucu In man. 

MnUipIicaiion by fission has been obeorved iu tho colorless blood-celle 
of muny animals. In fioine ca^es (Fig. r>), the process hat been seen to 
commence with the nncleolus which divides within the micleiiB. Tho 
wir-lens then elongates, nnd soon a well-marked constrictinn occum, ren- 
dering it honr-gla.-a shaped, til! finiilly it is separated into two pnrtSf 
which grailmiHy recede from each other: the same process is reiM-ateil in 
the colt-sub^tance. luid at loii^rtli wi< liuve two i^cIIk produced which by 
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n«, R— BIwKl-curpiWi'lp from n. yt'iing deer eiubrj-u. mulUplj'itig by nainon. (n*T) 

rapid growth soon attain the size of tho jiaront oell [dtrcet divmon). In 
some cases there is a primary iission into three imtead of tliL- usual two 
oellB. 

In cartilage (Fig. 6), a process eeeeutinlly similar occTirs, with the ex- 
ception that (as in the orom) the cells produced by fission remuiu in the 
original CHpBule. and in their turn undergo division, m that a large num- 
ber of cells are snrnetiines observed within a cnmmon envelope. This 
(irocen of fiiwion withtn n capsule has l>ri'n hy some described m n separate 
method, nndor the title "endo^rc-nous fission," but there eeoms to be no 
8Hf!i<'ient reiiaon for drawing mich a ilietinctinn. 

It is important to ohsorve that fission is often accomplished with great 
ntpiility, tho whole proccas occupying but a few minutes, hence the com* 
panitive rarity with which cells are sc-l-u in the act of dividing. 
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indirtet cell division. — In oortain and numorous caaca the diviflion of* 
(?ellij (lovt) not take plaue by the simple coiistnotiun of their nuclei and 
Burroundtng protoplasm into Iwo piirtA as above described (direct division), 
but la preceded by {.'omplicated cbjuiges in thoir nuclei (karyokiimsid), 

00060© 




Fto. (L-OtM»ni o< ft cArlllagB sell anderat^iiK BMfoo wUUa Ita mp^ul^. The nrocm of dhrl- 
«loii » ruim—uiiJ ■• eommmeiBK Id lh« niuaMolw*, cxImmUuk io Ui* nuch^Mk wul nt lawU) iOTolTliw 

Thew chaiigM consist in n ^p-adanl re-arrangement of the intmnncU'ttr uot- 
worfc of each nucleus, until two nuclei arc formed ftimilur in ull rt'Kpecta 
to the originttl one. The nucleus in a resting condition, i.e., before any 
changes prei'«>diMg division occur, conf^ieU of a vory c1o«;o meehwork of 
Abrik, which etain deeply in carmine, imbedded in protopluam. which 
does not jiosBfSH tliis property, the whole nucleus being cuntained tn nii 
enrclope. Tbe first change consists of u slight cnJargemetit. the diKaji' 
of the envelope, and tbe incretueil definition ttml thickness of 





FW. 7.— KArroktnatii. ^ rirdlurj nurJmit at ■ tmlumiMr rplihrtlt*) i»a; n, c, Uw Mm» nootaM to 
UapaUkCBuf oMHiDlitfHMi.'n, tlw mwd/Jkof n>mttr fonn; k. Uw-HiJ«a->ir*lnKlr •■Mr: r, knorlMr apla- 
en* frani lh* ItanHBaTi enilMki-tlnm of tbr- tro^ corar*: o. tt. i. iti^n^r; k. two dftujcltter aikM. 

the nuclear Gbrila, which arc also more separated than they were and suin 
better. Thia w the 8t«ge of convolution (Kig. 7, b, c). The next «tep iti 
the process m the arrangement of the fibrils into some definite figure by 
an alternate looping in and out around a central space, by which means 
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■the rosette or tt'realh stage (Fig. 7, D) is reaclieil. Tlie loops of the ro8ctt« 
next bccomo divided at the pcripherv, und their centml points become 
more uiigiilar, bo thiit the tibrils, divided into portions of about eqim) 
length, ftro, ii« it were, doubled aX an itciute m\^\\\ iiiid radiate V-shuped 
from the centre, foruilng a i-lar (ii^tc-i-) or wheel (l''ig. 7, e), or perhajie 
from two ceutivD, iu whiL-h Kvuiv n lioullf stiU' (dtaslerj results (Fig. 7. u, 
B, and [). After reoiaiQing uliiiost uuchangvd for some time, the 
V-8huped fibreii tieing first re-arriLnged in the I'-eiitre, »ide by side (unglo 
outward), teud to 8o|)arate into two bundles, wliieh gnuluaJJy assume posi- 
tion at either pole. Prom these groups of fibrils the two nuclei of the 
uew cells arc formed (i(liuij;htcT nuclei) (Fig. 7, k), and the chmige* they 
piiftfi through before ruitching the resting condition are exaetly those 
through wliii^h the ungimd nucleus (mother nucleus) has gone, but in a 
rovei-ee order, viz.. the star, tlie rogettL'. and the convolutiiin. During 
or shortly after the formation cf the daughter nuclei the cell itecif be- 
comes cousLricted, Uud then divides iii a liueubuut midway between them. 

FnndioH* of Cells. — The functions of celU are almost inilnitfly varied 
and make up nearly the whole of Physiolog}-. They wilt be more appro 
priatcly considered in the chapters treating of the seTcral organs and ays. 
tcnirt of organs whicli the cella compose. 

Decay and Dottth of r(?if&.^ThBre aro two chief ways iu which Uie 
kwmpimtively brief existence of cells is brought to an end. (1) Mitchuni- 
reai abrasion, (2) Chemical tmndfornuaion. 

1. The Tarious cpithclia furnish abundant examples of mochaiiiaJ 
^'Abniipl]. As it approaches the free surface the cell becomes more and 
flattened and scaly in form and more horny in consistence, till at 
length it U simply rubhcd ofl. Ilence wc Snd epithelial cells in the 
mucus of the mouth, intestine, and geni to- urinary tract. 

3. In the case of chemical iraiisformation tli» cell-oontents undergo a 
degeneration which, though it may be pathological, is very often a nortn^ 
process. 

Thus we have (a.) fatty mQtamorphosis producing oU-globulea in the 
secretion of milk, fatty degeneration of the mnecular fibre« of the uterus 
after the birth of the fcetus, and of the cells of the Oraaflan follicle giving 
rise to the "corpus lutcnm." (See chapter on Generation.) 

(b.) Pigmentary degeneration from deposit of pigment, as in the epi- 
thelium of the air-voKiclpR of the lungs. 

(c.) Calcaretttfs degeneration which is common in the cells of many 
cartilages. 

Having thuB rcTiewetl the life-history of eeTls in general, wo may now 
discuss the Icuding varieties of form which they present. 

In passing, it may be well to point out the main di»4inctioM hetteten 
animal and vftjetabh cflln. 
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It faw been nlreatly mentioneii that in animnl cell* an ciiToIope or wli- 
w by no Tiiejnis alwavB prp«ent. In aiiuit veLt-taOk* (.■ulls, on the 
rbther liun'J, u wott-ilelineil cvjlulusv wutl ie liij^lily cTianK^tvrUtic-; tliU. ll 
ttlioiild ho observed, ib non-nitrogenuiiet, uud tbiie itilTore (.-liemioiUy as 
roll OS struct iiruLly from the L-oiit»ined niu^tj. 

Moreover, in vcgeUible ucllii (Fig. S, B), the proloplaistic contt^tiU of 

> cell fall into two subdivUions: (1) a uuutinuous tiltn irhic-h lines tlie 

itortor of tlw relliiloiie wall; uiid (2) a rutii^ulaiv mass uoutiutiing^ the 
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nucleus and ■x'ciinring' the cell-cavity; its interstices ore filled with fluid, 
young v(>((etublc t-ells guch a diHtinetion does not exist; a finely gnui- 
lar protoplaem nreujiies the whole celi-oavity (Fig. 8, a). 

AnotlnT elriking differencxi is the frequent presenee of a largo qnsin- 
tity of int^rcollHlar subBtanco in animal tisauos. while in vegetables it is 
^mparatively rare, the rwinisito Runsistoivcv being given to their tissues 
by tlie tongh cellulose walls. oft<-n thickened by deroBila of lignin. In 
animal cclU this end is attained by th» dejKuiil ion of time-aalts in a matrix 
«f intercellular subataiioc, a^ in tlie procoeta of oBsification. 



Forms of rw/.*.— Starting with the spherical or Bphcroidal (Fig. 9, a) 
the typical form oMumed by n free cqII, wo find this altered to a poly- 
ht<drul fthii|H> when the preJtsnre on the cells in alt diroctions ta nearly tho 
CHine (Fig. 1». b). 

Of this, the primitive scgmentation-cellB may ulTord an exumplv. 
^^ Tlie discoid 8ha|>o is seen iu l>lood-e«lU (Fig. 9, c), and tho scale-like 

H TtmA 
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Tim. ^—XwrXmim fnmu of <wllm. a. RpbemMkl. tiiomixts micbui and oucWiIib. h. IViIjhnlrBl 
e. DtoooldBl (blood-cellai. &Ba«;7arBqiaaK>iB(vpUlu:U*li<(rllBi. 



^fbrm in Rnpcrflcial epithelial eells (Fig. 0, </). Some celld have A jagged 

uDtliue (pricklc-celU) (Fig. 13). 

Cylindrical, corvical, or prismatic cells occur in the deeper layers of 
|bminate>d epithelium, and tho simple cylindrioil epithelium nf the intea- 

I'nn and many glund duels. Such cells may taper off at ono or both 
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ends into fine processes, m the former case being candato, in the latter 
fiifiirorm (Fig. 10). They may be greatly elongated bo as to become 
fibres. Ciliated cells (Fig. 10, d) must be iioticod as a <ii»tinct rariety: 
they poMesg, but only on their free surfaces, hair-like proceaseg fciliaj. 
Tliese vary immonsely in size, and may even exceed in length the cell 
ilaelf. Finally we have the branched or stellate cells, of which the large 



no. ia— VarimuramwofcvIU. o. CrUndrtcaJ nr iv>liimniir. h. Cniidttln c. E^Mlforat. d. ClUa- 



norve-cella of the epinal cord, and the connective tiasue corpnscle are 
typical examples (Fig. 10, v). la these cells the primitive bmuchoa by 
secondary branching may give rise to an intricate network of processes. 

Classification of Cells. — Cells may be classified in many ways. 
According to; — 

(a.) Form : They may he cl(w«ified into splieroidal or iwlyliedral. dis- 
coidal, fliit or Boidy, cylindrical, randate, fusiform, ciliat-e<1 and Mellate. 

(b.) Siiuation: — we may divide them into blood cells, gland cells, 
connective tissue cbIIp, etc. 

(c.) Contents : — fat and pigment cgHb and the like. 

(d.) Futuiion: — secreting, protective, contractile, etc. 

(e.) Origin: — hypobhistic, mosoblostic, and epiblustio cells. 
chapter on Generation.) 

It remains only to coneider the varioas ways in which colls aro oon- 
necleil together to form lirtHiies, and the tmnsforniationa by which inter- 
cellular snhstanco, fibrea and tubulea are jiroduced. 

Mofhs of coniifction. — Cells are connected: — 

(1) Hy a cementing intcroollular Bnbetance. This is prolMibly always 
present as a transparent, colorless, viscid, albuminoiis subBtaoco, even 
between the closely apposed celU of cylindrical epithelium, while in the 
case of c-artilage it forms the main bnlk of the tissue, and the celU only 
appear as iml>eflJ(Kl in, not ta cemented by, the interoellnlar snl>?tnnce. 

This inlei-otdlnlin- subBlaneo may be eitlitr homogeneous or fibrillated. 

In many cases {e.(j. the cornea) it can be shown to contain a number 
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irregular branched cavities, whicli commnnicate witK each other, and 

which the branche<l cell* lie: through thofle branching Rpaces nutritive 
iuids can find their way into the vcrr remotest parts of a non-vascnlar 

ae. 

As a Bpocial variety nf interccihilur sulietanre mniit lie mentioned the 

meiit membrane {mrmbrunn jmtpria) which is found at the base of 
the epithelial cella in mofii mucous mvmbraiitas, and e6j)«cialij as au in- 
vecting tunic of glaud foUiclee which dotenninee their shape, and which 
may persist as a hyaline saccule after the gland-cells liave all been dis- 
charged. 
I (%) By anastomosis of their processes. 

This is the iisuiil war in which slellato cells, e.g,, of the cornos, are 
nnited: the individuality of each r^cll is thus to a great extent lost by itEi 
nncctiou with it* neighbors to form a reticulum : as an example of a not- 

rk ari producerl, we may cite the stroma of lymphatic glands. 

SomctiniM the branched procosaes breaking up into a maze of minute 
tibrils, ndjoining cells are connected by a>i intermediate reticulum: this 
it thu case iu the uerve-ccUs of the spimd cord. 
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SaiidH tbe Celt, which may be termed the primary ti^vme-cleraent, 
na B M torials which may be termed secondary or derived tissue- 
elements. Such are Intercellular substance. Fibres ajfd Tubules! 

InicrctlUilar Mufmlance is probably in all ceases directly derived from 

e cells thcmBelvos. In some cases {e.g. carlilagv), by the use of re- 

ntfl thu cementing intorccilular sulistance is, as it were, analyzed iuto 

various masses, each arrangwl in concentric layers around a cell or gronp 

of cells, from which it was probablv derived (Fig. 0). 

/Virp".— In the case of the crystalline lens, and of muscle both stri- 
and nnn-Rtriated, each fibre is simply a metamoq)hfi«ed cell: in the 
of atriped fibre the elongation being accompanied by a multiplication 
of the nuclei. 

The various flbrea and flhrithe of connective tissne result from a grad- 
Did truneformation of an originally homogeneous intercellular substance. 
Kihres thutt formed may undergo great chemicid as well as physical trana- 
furmalion: this is notably the case with yellow elastic tissue, in which 
the sharply defined elastic fibres. poeeosBing great power of resistance to 
-agents, contrast strikingly with the homogeneous matter from which 
ley are derived. 

Tubida which were originally supposed to consist of structureless 
emhrane, have now been proved to lie composed of flat, thin cells, 
hering along their edgee. (See Capillaries.) 

With these simple materials the various partji of the body are built up; 
more elementary tissnee being, so to speak, flnt eoni2M>unded of 
Vol. L-i. 
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them; while these again are Tarionaly mixed and interwoTen to form 
more intricate combinationB. 

Thos are constmcted epithelium and its modifications, connective 
tissue, fat, cartilage, bone, the fibres of muscle and nerre, etc. ; and these, 
again, irith the more simple stmcturee before mentioned, are used as 
materials wherewith to form arteries, reins, and l^-mphatics, secreting 
and vascular glands, lungs, heart, liver, and other parts of the body. 



CHAPTER in. 

8TRCCTCRE OP THE ELEMENTARY TISSUES. 

Ix this chapter the lencliii); cKuracterB ami (.'hief modiflcutions of two 
gnfet groups of tiBsut« — tlio Kpithelial and Coimectivc — will Ik briefly do- 
Bcribed; while the Nervous aiiU Muscntar. tvgetlier with Bfveral other 
more highly tipecialixvd tissues, will bo appropriately considered in tho 
cltapters treating of tlioir physiology. 



Epithkuum. 



k 

^V Epithelium u composed of cells of various shapes held together by a 

^bnall quantity of oementing into nwltu lor subetaneo. 

^P Kpithelium clothes the whole exterior surface of the body, forming 
the rpit/rrmiit with it* appendages — tiuils and hairri; Iwiioming eontinunutt 
at Uio chief orifices of the body — doso, mouth, anus, and urethra — with 
tb* epithelium which lines the whole length of th« alimentani' and genito- 
urinary tracts, together with tho ducts of thtir rarious glands, F.f.i- 
thelium aUo lines the ravicios of the brain, and the (-rntrul cantd of tho 
spinal cord, the serous and synovial morobranes, and the interior of all 
blood-veaBels and lympluiticA. 

The cells composing it may bo arranged in oitlior ono or morc layers, 
and thus it nuiy be subdivide] into (a) Simpie and (6) StraiiJieU or 

^^atninatfd Epithdium. A simple epithelium, for example, lines the 

Vwlx'le int<^tin«l mucous membrane from tlio stomach to the anus: the 
ejHdennis on the other hand is laminated throughout itn entire extent. 

Epithelial cells possess an intracclluhu- and an intranuclear netn'ork 
(p. 10). They are held together by a clear, albnminous, cement suh- 
fltanoe. Tho viscid semi-fluid oonstRt«ncy both of cells and interccllnlar 
■nbitance permits such changes of shape and arrangement in the individ- 
ual cells as OTQ neceBsary if the epithelium is to niHintaiti its integrity in 
organs the area of whose fret^ surface is so constantly changing, as tho 
Stomach. Itmgs, etc. Thus, if there be but a single layer of cells, us in 
tin epithelium lining the air vesicles of the lungs, the stretching of this 
membrane causes such a thinning out of the celts that they change their 
•hapc from spheroidal or short columnar, to squamous, and vice verndt 
when the membrane shrinks. 
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CLABSIFIL'ATtOy OP EPITHELIAL CeLLS. 

Epithelial cdlE may be conveniently clussili'cU as: 
1. iy'/iiaiHOus, ecuiy, piivemeni, or tessellattd. 
% Spkeroidat, tflnndnlar, or polyhedral. 

3. Columnar, cylhidrical, conical, or gobUt-shaped. 

4. Ciliaipit. 
6. Trattfiltionnl. 

Although, for convenience, epithelial cicUb arc thuB clnasifiedj y«t ths] 
fi]«t Uirce forms of culls are eomettmes uiei with at dilTerent deptfae in] 
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no. II,— T«rtIotI flpction of RabMfB cornea, n. Aciorior «qMtlirll»in. ehawint Ott M. 

■hipn nf IImi I ii11« «1 Toiiouii dnuliu fruDi Uw trootautaee. b. Purtian ot the faimtHtoe of oonuK 
OSUa.) 

the same membrane. As an example of siiph a laminated epithelium] 
fihnwinj( those different eell-forms at various depths, we may Bulect thftj 
anterior epithelinm of the corneii (Fig. 11). 

1. Sf/iiatnoux KpUhelitim (Fig. 12). — Arrnngetl (a) in sevemi super* 
poBcd layers {niratified or hmiHatPiI), this form of epithelium covers (o) 
,the skin, where it ia ualleU the Kpidonnls, anil lincA {b) the mouth, 

pharytuc, and irsopliu^rug, (r) the conjunofl 
tiva, (f/) the v;i^'iita, and entrance of th» 
urethra in bolh sexes; while, iw (n) a eingle 
layer, the Game kind of epithelinm (ormiH 
(a) the pigmentary layer of the retina, 
and linpH {b) ihe interior of the Morons and. 
aynoviiil Raes, imd (f) of the heart, bloofl 
X «a and lymph-vesgels (iCiiilotlioliuni t. It con- 
siatR of ciitlfi, whicli are flattened ojiil nntly, 
with an irrej^nlar outline: and, when laminated, may form a dense homy 
inrcBtment. ns on pnrt« of (lie palms of the handtt uiul ^ole» of the feet. » 
The nucleus is often not apparent. The really collnlar nature of evenf 
the dry and ehriveled scales cast off from the surface of the epidermis, 
can be proved hy the application of caustic potash, which caasea thouj 
mpidly to aivcll and assume their originid furni. 
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Squamous cells aro gcnerall.v united by an intorcclUiIar subetance; but 
in many of the deeper layers of cpitlielium in the moutli and skin, the 
outline of the onlls is T«ry irregular. 

Such otjll* (Fig. 13) are termed "ridge and furrow," "cogged" or 
*'prickio" cells. TheMt "jirickles" arc prolongations of the intra-ccllulnr 
iftwork which run acrosd from cell to cell, thus joining thviu togethiT, 
interstices being Ulled by the transparent intercellular cement gub- 
Wlien this increases in quantity in inflammation, the colls are 
ishod further apart and tlio connecting fibrils or "prickles" elongated, 
id therefore more clearly visible. 

j^quamous epithelium, e.g. the pigment oclU of the retina, may hare 

depoeit uf pignictit in the ooUH^ubetanco. Tim pigment oonsJ^ts of 

linuie molecules of nuUinin, imbedded in the cell-sahetanoe and alnioet 

>noe»ling the nucleus, which is iceelf transparent (Fig. 14). 

In wliite rabbits and other albino auimaht, in which the pigment of 
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iln|nai»;a.Ui«calvca-poglcri«r|NMtcoBt«liilfl8KW«a]-Mri^BWt. xtn. (Haolc.) 



ic «je is absetit, this layer is found to consist of colorless pavement 
epitheli:il cells. 

Endothelium. — The squamous epithelium lining Iho serous mom- 
bmn«8, and the interior of blood-reasetri, prejienT^so many special features 
M to demand a special doacription; it is called by a distinct name — En- 
11 <^theliam. 

^B The main pointe of distinction above alluded to are, 1. the very flat- 
^^Myvl form of these cells; *2. their conetant orrurrence in only a siiijile 
^H^^; 3* the fact that they arc dcveloijed from the "raesublast/' while 
all other epithelial colls atv derived from the "epiblaat," or "hypoblaat;" 
4, they line clowd cavitii-s not comraunirating with the eslerior of the 
body. Endothelial cells form an im|>ortant and well-dcfincd sulHlivision 
of sqaamoufi epithelial cells, which has been especially studied during 
the last few years. Their examination has been much facilitated by tbo 
adoption of the method of staining serous membranes with silver nitrate. 
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When a Email portion of a perfectly fresli eeroiifl membrane, as ihe 
mestititery or omentum (Fig. 15), is immersed for a few minutes in b 
quarter jier cent. Kolution of this re-agBUt. wuslitil with wattTand eipo«?d 
to tKu uuliou of light, the silver oxide is ])reei|)itated aloug the bounds- 
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Pro. IB.— Piun i>ri) .■. ..I I . .!■ -i.-,ir..-l .1. .ill. . tiilrfiip. y 100. The t4«aM fnnna « 'frmf 

trated nictnbr-" .i',,- v, i,l.-Ii i.. :-i ii.|i |.-.| m irh liolm up w]tid«ira. In th*- flgurv Umc 

urt'iif viirli'U" -ii ^■l'•^: imiIi-'.-mI-i' lin' im>-n .if wliln-h l« llhniiui tlwuv Tlie trftbocu* 

la.'iu¥ of vnrkii' .' i . 1 1 ivl t>irh I'lulLtlu'linl r-vtls <lM^ niiHri of ifhlcb haiv boot mwk 

vvlilriirt br flluliJliiii hllli Itu'iimhiKyliu litlM' tiit'itlJkM' ultTkM twaouUliiH UH>wD»b}'«t«liiliic Iba 
iiiIi?>'<;irUulAr eulwtAncc. IV. U. llorrl*.) 

ries of the rella, and tlio whole surface is found to he marked ont Trith 
exquisite delicacy, hy fine dark lines, into a number of polygonal spaces 
(endutheliiil cells) (Fjga. 15 and Ifi). 

EndotlieHum line^, as before mentioned, all the serons cavities of 
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Fiw, IB.— Mil'iiiiiLiil uirfBcwnr(¥-ntnim i«rj()l»tfum of (IlapTinwrni of rnlililt, ■■lioH'inctlw ceneral 
fui} Ki'ual HlupB of Uu) enJothclioJ cttUa: rkch U niifJi-Atrd. tKlH'lii.) xam 

body, inchulin^ the anterior chnmbor of the oyo, also the synovial mem- 
branes of joints, mill llie interior of the heart and of all bhxid-Tessela and 
lymphatics. It forms aleo a delicate investing sheath for nerve-f 
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uid periphonU gonglion-ceUs. The cells are icaly in form, and irregular 
iu outline: thoee lining the interior of blood-vcgaple und lymphatics bar- 
ing » ajiimlle-shape with a very wavy outline. They enclose » clear, oval 
nuclwus, which, when the ce\\ h viewed in profile, is seen to projwt fmm 
iu gnrfacc. 

Endothelial ogIIa may ho ciliated, e.ff., thctSK in tlio mesentery of 
troga, especially abont the breeding iteason. 

BeeideH the ordinary undotheliul cclhi aboro described, there are found 

on the omentam aud parta of the pleura of many aiiimal?, little bud-lil(o 

processes or nodnlei, oonsistiDg of small polyhednil gnuinhtr ouIIh, ronnd- 

etl on their free snrface, wljich multiply vwry rapidly by division (Fig. 

.17). These oonstitoto vbat is known us "germinating endothelium.'' 
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iDtiHtUnm at tha «irfkn>, anall and Urw itmii)N oT spfmliialliiK ooitodMUlUB, b«tw«C«> vhlcli 
Mbtn oC MdBOKU ■!¥ to be MMi. iKlMn.) xKO. 

Tlif procoaa of germination iloiibthttw ^oc*s nti in health, and the small celts 

vbirh aro thrown off in BUccci<fiion are carried into the lymphatics, and 

Hpuntrihute to the number of (he lymph corpiiecles. The buds may be 

^nuormoufly increased both in number and size iu certain diBcaecd condi- 

^noQt. 

^H On thoM jHirtiona of the peritoneum ami other serona membranes 

^^►here l>TnphfltiM abound, there are numerous amall orifice* — ftomnta — 

(Fig. 18) between the endothelial cella: thojw are mdly tbe open mouths 

of lymphallf vcwelB, ntid thnmgh them Ij-mph-corpusoles. and the serous 

flnid frtim the wrous eaivity, pass into the lymi)hatic system. 

^ ^^lAcruiV/n/ epithelial cells arc the active Becreting ugcntg in most 
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scorcting glands, and hence urc often termed gland lUiu-; they oro gener- 
ally more ur lees rounded in uutline: often pulygoiuil from mutual pres- 
snn. 



yifcll I Wl Uliiwl mtBw of Bepnim dstenue lyinjitiatJun maAna* of tnyg. Tlie stomMa, i 
of «WA m cipaB, wamt coUajMHt, w ■tuTwuuiW l^ j^t^rmituttitig MiJuthpUiitit. (E]i>ln..i y. M 

Excellent examplon are to be found in tlie lirer, the secreting tnbee of 
the kidney, und in the anlivar^' nnd peptic glands (Fig. 19). 

3. Columnar ejiithelium (Fig. 30, a and b) lines (a.) the mncous mero- 
hnine of the stoniai:h and intcstinps, from the* canliac orifiee of the stomach 
to tUe auuji, and (b.) wholly or in part the duut« uf the glaudfi opening on 



Fia. IP.— OlADdiilnrcplihi'lit.,.. a ^.i.ail lobnlp nf n nnioous sland of Ilia idajpus kIumIbs mi- 
dMK^ gliuHluliu' *)ilKTuidtU wlbi. B, U'O- oella. X 900 <T. D. tUirb.) 

its free snrface; also (c.) many glaud-ducts in other regions of the body* 
e.g., mammary, salivary, etc. ; (d. ) the colls whioh form the deeper layers 
of ths epithelial lining of the tnicliea are approximately columnar. 

It consiste of cells which are cylindrical or prismatic in form, and con- 
tain a large oval nucleus. Wlien evenly packed side by side as a single 
layer, tlio oi'IIh ai-e uniformly rolnmnar; hut when occurring in eerenU 
layeni as in the deeper Btrata of the epithelial liuing of the trachea, th«r 
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■htpe ia Tory variable, and often departs vor)* widely from the typical 
colamnur form. 

Gobiei-r^ll*. — Miiny cylindrical epithellnl cells underjfo a cnrionii trans- 
formation, and from tlio uliorntion in their ahapo aro t«rmcd goblet-colls 
(Fig. 20, A. r, and b), 

Tlii-M nn.' Ufvvr soon iu a jivrft'ctly fi-t<«)i eiKH-imun: but if «uc'b n 
ipecimeo be watched for some time, little knobs are si.«u gnuluully ajtftetir' 
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rtaU.— A. VwticKjncUaaaf KTfLluHuf lta«Bii«]l liHn(lliu>nf »nt a. itIrUtnl basUnr baHiT 
laftftMAnn. A. ColinniiAr epttlu'lluu. r. (h'blft ii-IIh. if iVoiraJ Irapb-TwacL «. Sowoiti 
nbm. /. Aiknwhl *trana of Ibe WUtw iii wbldi ]jmiiit irnrjwadta U» B. OoUat oelU. 



on the free surface of the epitlielhim, and are fiwUIy dctarhed: tlicw 
ist of the coll-L'ont'-.nta which arc di&chargt'd by the open mouth of 
thegobletf leaving the nucleus surrounded by the remains of the jiruto* 
pljum in its narrow tstom. 

Some regurd tlii» tninsformution as u normal pro<.>esg which is continu- 
ally going un dnriiig life, the discharged celWou tents contributing to form 
mucui, the cells being supposed in many citsee to recover their original 
■hapo. 

The coltumiar epithelial cells of tho nlimontary canal poaaeaB a stmc- 
tnreleas layer on their fnH> snrfHoo: such a layer, appearing striated when 

iwod in section, is termed the "striated basilar border" (Fig. 20, a, o). 

4. (Mliafed culhi arc gt'iiumlly cylindrical (Fig. HI, u), but may be 
>idal or even almost ixiiinmous in sliiipe (Fig. 'il, a). 

This form of epithelium lines (a.) the whole of the respiratory tract 

<m the larynx to the linert suhdiviuion* uf the brwnchi, slm the lower 
of the nasal passages, and some portions of the gcticratiro apparatus 
— in the male (b.) lining the "vasa efferentia" of the testicle, and their 
pmlon^ttons as far as the lower end of thi? epididymis; in the female 
(c.) commencing about the middle n{ the neck of tJie uterus, and extend- 
ing throughout the uterus and Fallopian tulK'S to their ilnd)r)ated ex- 
tramitiec. and oven for a .short distance on the periloneiil surface uf the 
tter. (d.) The ventricles of the braiu and the central canal of the 
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spinal cortl are clothed wnth ciliat^ epithelium in the child, but in the 
ttdult it is limiteii to the central caniil of the cord. 

The Cilia, or fine bair-likc proeeses which give the name to this va- 
riety of epicheliiim, vary n good deal in sizo in different classes of onunals. 
being very innrh Briiiinur in iho higher than among tlie lower orders, in 
which they sometimes exceed in Icngtii the cell iteelf. 

The number of cilia on any one cell raugefi from ten to thirty, and 
those attached tu the jianie cell are oftaa of tlilTt'rent lengths. Wlion liv- 
ing ciliated e})itli('lium, e.ff.. the gill of a mu^Kt^l, is exaniiiteiL nnder the 
microscope, the cilia ore seen to be in constant rapid motion; each cdlium 
Winjr fixed at oTie end, and swinging or laahiug to and fro. The gen* 
eral iiJipreMion given to the eye of the ohMrvcris very similar to that piv- 
dnced by vrexes in a field of com, or awiftly running and rippling 
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B->L CUatadBOltmiiikrciilUieUum Uninj^ a lu-om-iiUK. b. 19»oi3u^ connL-ctlnvUmimcxupuacMa. 



and tlie refinii of their movcmont ie to prodnco a continuous current in 
a dcHnitc direction, and tiiii! direction is invitriably the same on the auino 
Burfiice, being alw»ys, in the ca«e of a cavity, toward its extenial orifice. ■ 

5. I'ratiJtitional E/n'thefium. — This t.crm hiis been applied to cells 
which ai'c neither arranged in n single hiypr, ufi h the oaflo with simple 
epithelium, nor yet in many superimposed strata a^ in luminatcd: in other 
words, the term is employed when epithelial cells are fiumd in two, three, 
or four snperimpiiseil layers. The upper In-viT mny bo either oolumnar, 
cHiated, or wjuamoua. When the upper layer is columnar or ciliate«t, tho 
BccDud layer consists of smaller cells iitted into the inequalities of the 
ceils above them, as in tlie-trachea (Fig. "-Jl, fl). The epithelium which 
is met with lining tho urinary bladder and uretens is, however, the tnm- 
eitionul /i«r wn'/^cHrr. In this variety tiiere are two or three layers of 
cells, tho npper being more or le«8 Ilfttt<?ned according to the full or eol- 
lapsed condition of the organ, their nnder surface being marked with 
one or more dcprcsdionn. into which the heads of the next layer of club- _ 
ahapod ccIIb fit. Between the lower and narrower parta of the second row fl 
of cells, are fixed the irregular rolls which eonatitutc the third row, anil 
in like manner sometinica a fourth row (Fig. 23). It ciin be wwily under- 
stood, therefore, that if a scraping of the mucous membrane of the blad- 
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d«r llfflHM, and exnminpd nndor the microsoope, ccll&of a ji^eaC rariet; 
of fornu may bo made ont (Fig. &')). Each celt contjunii a largo naclcua, 
aiiil thf liirfrer mid snpiTficial c^Ils often po^wisi two. 

Special Epithelium in Organs of Special Sense.— In addition 
to the above kinds of e|)ithdium. RcrttUQ highly epecialixod forms of opi- 
thelnl cells are fouud iii th« ortjaiis of autttU, sight, 'and huuring. viz.. 
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olfaciory cells, retinal rods and cones, auditory cells; they will b« d«- 

i»crilM>d in the chapters which deal with their functions. 
Functions of Epithelium. — According to function, epithelial cells 
Way liO chiseilied ae: — 



(I.) Protective, f.ff., in the skin, month, blood-veaseU, etc. 
(2.) Protertir/f and moring — Hlmtod (>pilheliHm. 
(3.) ^wr^/tH^— ghindulai- epithelium; or, Secreting formed elemmiti 
pithelitim of te!(ticle secreting spermaluzoo. 
(4.) Prvtertiir and itrrrftiny, e.g., npiihelitim of intestine. 
(6.) Setuoriai, e.g., oUucLory cells, rods oud cones of rotina, organ of 
rti. 



ICoi 
Epithelium forms a continuous smooth invefltment over the whole 
body, being thickened into a hard, homy tissue at the points most ex- 
posed lo pressure, and developing various appendages, such as hairs and 
nails, who«e structure and fuQcliouK will be considered in a future cliapter. 

■ Kpithelium lines also the leiisorial surftwes of the eye, e-ar. ivysv, and 
month, and thus aerros as the medium through which all impressions 
from the external world— touch, smell, taste, sight, hearing- roarh the 

■ delicai<^- nene-endiiiiTf. whence they are conveyed to the brain. 
The cjhutcd i-pithotiiim which tinee the air-|ias8Hge6 serres not only 
as u pmtoctire invcatnient, but also by the movements uf its cilia is en- 
able<l U) propel fluids and minute particles of solid matter so us to aid 
their oxpnUiou from the body. In the case of the Fallopian tube, this 
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agency assista the progreas of the ovum toward the cavity of the nteroB. 
Of the purposes served by cilia in the ventricles of the brain, nothing is 
known. (For an account of the nature and conditions of ciliary motion, 
see chapter on Motion.) 

The epithelium of the various glands, and of the whole intestinal 
tract, has the power of secretion, i.e., of chemically tranflforming certain 
materials of the blood; in the case of mucus and saliva this has been 
proved to involve the transformation of the epithelial cells themselves; 
the cell-substance of the epithelial cells of the intestine being discharged 
by the rupture of their envelopes, as mucus. 

Epitlielinm is likewise concerned in the processes of transudation, dif- 
fusion, and absorption. 

It is constantly being shed at the free surface, and reproduced in the 
deeper layers. The various stages of its growth and development can be 
well seen in a section of any lamuiated epithelium, such as the epidermis. 

The Connective Tissues. 

This group of tissues forms the Skeleton with its various connections 
— bones, cartilages, and ligaments — and also affords a supporting frame- 
work and investment to various organs composed of nervous, muscular, 
and glandular tissue. Its chief function is the mechancial one of sup- 
port, and for this purpose it is so intimately interwoven with nearly all 
the textures of the body, that if all other tissues could be removed, and 
the connective tissues left, we should have a wonderfully exact model of 
almost every organ and tissue in the body, correct even to the smalleet 
minutiie of structure. 

Classification of Connective Tissues. — The chief varieties of 
connective tissues may be thus classified: — 

I. The Fibhous Connective Tissues. 

A. — Cfiief Forms. B. — Special Varieties, 

a. Areolar. a. Gelatinous. 

J. White fibrous. J. Adenoid or Retiform. 

c. Elastic. c. Keuroglia. 



d. Adipose. 



II. Cartilage. 
III. Bone. 



All of the varieties of connective tissue are made up of two parts, 
namely, cells and intercellular substance. 
Cells. — The cells are of two kinds. 
(a.) Fixed. — These are cells of a flattened shape, with branched pro- 
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I, which are oftoii nnit«d together to form a network: thej crii be 
most readily obserTcd in the coni«& in which thev are arranged, lujer 
above layer. panUlul to tliu free surface. They lie in spaces, iu the inter- 
oeUulur or gronnd eaUtanco, which are of the same shape as the oelU 
ibe^r contain but rnthor larger, and which form by anuBtomosia a ayBtem 
of branching canals freely communicating (Fig. *4). 
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To this cIam of cells belong the flattened tendon corpuscles which are 
in long lines or rows parallel to the fibres fVig. 20). 
branched colls, in certain situations, contjiin a nnmlvr of pig- 
ment-granules, giving them n dark appearance: they form one variety of 
pigment-cells. Branched pignient-cclla of this kind arc found in the 
outer layers of the i-huroid (Kig. 25). In many 
lower animals, snch as the frog, they are founU 
widely distributed, not only in the skin, but also in 
many internal pai'ts, e.g., the utt-scntery and shuiths 
of blood-vewels. In the web of the frog's foot such 
piyniont-colla mar bo fWK*n, with pigment pvenly 
distributed through the l)ody of the O'll and ita 
pracMMi; bnt under the action of light, electricity, 
imd other stimuli, the pigmout-granules become 
matted in the bMly of the cell, leaving the proc e a wM 
quite hyalitu.'; if the stimulus lie removed, they 
will gradually Iw diHtribtitcd again all over the pro- 
cons. Thus the »kin iu ihi; frog is sometimea 
nniformly dusky, and sometimes quite light-col- 
ored, with isolated dark spots. Iu the choroid and retina the pigment- 
cells aljMirb light. 

(i.) .^mmAoiV/ rW/j*, of an Bpproximaluly s])herieal shape: they have a 
t general rcjenihlance to colorlesB blood corposcloa (Fig. %), with 



T\o. ia-IU»MMl |rif 
■URUt-cclbi rroo Um lkm» 
of Om rhimiM tual tt llw 
rn. X nu. a, celJ wtth 
Mniwnt; 6. mInrliiH fw^ 
lormodfc. iKonUoar.) 



80 



HJUTD-BOOK OP PHTSIOLOOT. 



which some of them are probably identical. They cnuist ol finely gran* 
niar nucleated protoplBsm, and have the property, not only of chan^ng 
their form, but also of moving about, whence they are termed migra- 
' iarj. They are readily ilistinguiabed from the branched conoeciire- tissue 
corpiucle« by their free condition, and the abfienr« of proresseis. Some 
are much larger than others, and ore foaud especially in the snblingiial 
gland uf the dog and guinea pig and in the nmcvus membrane of the 
inte«tine. A second variety of ihe«e cells called pftrsma cW/* (Waldeyer) 
arc larger than the ama-boid cells, apparently granular, lees Ktire in their 
moTemeiiU. Tliey are cliipfly to be found in the iuter-mnMular «epU, 
in the mncons and snbmncons coats of the intestine, in lymphatic glands, 
and in the omentum. 

Intercellular Substance. — This may be fihriUar, as in the fibrwuii 
tiseuee and ccrtuiu varieties of cartilage; or komogerteouB, as iu hyaline 
cartilage. 
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no. C— Fimm flaaw ot enrnM, vhmrliiB bundlM itf UbrM wKh » ttv maiuwimI flBironn erOt 
Ijrlim in tka iBtoHlaaclnibw aiwoM. x «». (.Klada wtd Nobk Stnlifa.> 

The fibres coQi])oging the former are of tiro kinds — (a.) White fibroa, 
(d.) Yellov elastic fibres. 

(a.) W/tite Fibres. — Theee are arranged parallel to e*ch other in wavy 
bandies of varions eiies: such bundles may cither have a parallel armnge- 
ment (Fig. 27), or may produce quite a felted textnre by their interlace* 
ment. The individnal Sbres composing these fasciculi are liomogeneoiw, 
unbranched, and of the same diameter tbrongliont. They can reiadilj 
be isolated by macerating a portion of vhitc fibrous tiiieue {e.g., n small 
piece of tendon) for a short time in lime, or baryta-water, or in a eolation 
of iTiimmon ealt, or potai^ium permanganate: tliese reagents possessing 
the power of dissolving the cementing int^-rfihrillar substance (which ia 
nearly allied to eyntonin), and thus separating the fibres from each other. 

ib.) Yelhw kla»tic Fibrt* {Fig. 28) are of all sires, from excessively 
fine fibrils up to fibres of eonaiderublc tiiieknesB: they are distinguished 
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from white fibres by the following charnot-ere: — (1.) Their greut power of 
resistance even to the prolonged action of chemiL-al rejigents, e.g.f Cnustic 
Soda, Acetic Acid, eu-. (2.) Their wolI-d«- 
finod outlines. (H.) Their greut tendency to 
brunch and form net works by Hnat!tonio6U). (4. ) 
Tiiuy very olteu have u tiviulod corkscrew- 
like apitearance, and their free eiifls umiidly 
carl up. (5.) They ore of a yellowish tint 
And rerv elMtic. 
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I. FlBROL'S COSNBCTIVE TiSSrES. 
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™ A. — Chiff Formit. — {a.) Arfol/tr Thauf. 

DUtribtition. — This variety has n very wide 
distribtitiun, nnd cnnstiliiteH the KiilK-utanciuiif 
snbwroua and suhmuti^u^ tissue. It is foimd 
in the mucous membmncs, in the true lUtin. in 
the outer dheuths uf the blood -YosseU, It forms sheaths fur niuiicles, 
nerves, glandi:, and tlie internal organs, and, penetrating into their in- 
terior, n)pport« and connects the finest partj. 

Strucinre. — To the naked eyu it appear*, when stretched out, as a 
fleecy, white, and wft niesliwork of fine fibril.i, with here and there wider 
films joining in it, tiio whole tissue being evidently elastic. The njicn- 
neesof the tneshwork varies with the locality from whii>h the aptM^imen is 
token. On the addition of acetic acid the tiiwuc bwetU up, mid becomes 
gelatinous iu appearance. Under the microBco^ic it is found to be made 
up of flue white fibres, which interlace in a most irregular manner, to> 
gother with a variable uumber of elastic tibres. These latter resist the 
action of acetic acid as above mentioned, so tliat when this reagent is 
ailded to n specimen of areolar tissue, although the white fibres swell np 
and become homogeneous, certain elastic fibres may still be seen armngcd 
In various directions, sometimes even appearing to pass in » more or leas 
circular or in a spiral manner round a small mass of the gelntinous mnas 
of changed white fibres. The cells of tlie tissue are arranged in no very 
i^ular manner, being contained in the spaoes (arcolic) between the fibres. 
Tbe7 ccmmnnicate, houevcr. with one another by their branched pro- 
CMsei, and also apparently with the cells forming the walla of the cajiil- 
lary Wood-veiwels in their neighborhood, connecting t4>get)ier the flbriU 
in a ceruiin amount of albuminous cfinent substance. 

(J.) Whih Pibrouti Tisfue. 

DhlributioH. — Tyiiii-ally in tendon; in ligamenlji, in the periosteum 
and perichondrium, the dura mater, the pericardium, the sclerotic coat 
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of the eye, the fibrous slicath of the tosticle; in the fascia and apouearous 
of muscles, and in tlio ehenths of lyniplmtic glands, 

Strncturr. — ^To the nuked eye, tendons and njany of the fibrous meiii- 
"branep, whon in a fresh state, present an appearance ob of watered ailk. 
Tliis 13 due to the armiijieiiieHt of the fihrcs in wavy purnllel bnndlos. 
Under tlie microBcope, the tissue uppcara to coimiet of long, often inirallel. 
wary bundles of fibres of different sizes. Sometimes the fibres inteivecl 
eavh uthur. The cells in teudons are arranged in loii|^ cliuins in the M 
ground substance &eptLr.ttiiig tlie bundles of fibres, ami are mom or less 1 
regularly (luadrilaterai with large round nuclei containing nucleoli, which 
are genemlly plac*^d so as to he contiguous in two cel3«. Tlie cetU consist 
of A hrxly, which is thick, from wliieh prooesses pass in various directions 
into, and partially filliug up the spaces between the buudles of flbroft. 
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ns.KL'-irFTUWTfnciwcllDiief tciMlmCrviiincru»«o(,'Uotiuf Uir tnll ifnrnMiH iihniiliijr iihulTi.^ 
flfam» Hid*, anil lirancJicd coTintxrUvMiH-up oirpiMcW TIie aiMUF* l«n vrblle iii tbe <ixwmb»g np> 
moil UieutKlliiuini aUm Lu U-Miwt«nw •M-UuH. x snx iXMa.) 

The rows of celU are Bepnratcd from one another by linns of cement rab- 
atance. The cell spaces can be brought into view by silver nitrate. The 
oelte are geiienUly marked by one or more lines or stripes when viewod 
longitiidiually. This appearnnce is really produced by the laminar ex- 
tension either projecting upward or downward. 

(c.) J'eliific Elastic TtJ/xue. 

DixfribufioH. — In the ligamentum ntichse of the oi, horse, and many 
other animals; in i\w, ligamonta Rubfinva of man; in the arteries, consti- 
tuting the fenestrated coat of Ilenlc; in veins; in tlie lungs and tnichea; 
in the stylo-hyoid, tlijTo-hyoid, and crico-thyroiil ligainouts; in the trtia 
vocal oonls. 

Sfrurfurf. — Elastic tissue occure in various forms, from astnictnre- 
lees. ehtatio membnuie to a tissue whose chief constituents are bundles of 
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olutic fibres crowing each other at dtffereut auglos: these TarietieB may 
be clusified as (oUowa: — 

(a.) Fine elastic Gbrilo, vbicli branch and anastomoee to form a net- 
work: this variety of elikstic tissue occurs cliiody in the skin atut miu-oiis 
membranes, in gnbcutttneouB and aubmucoiu tissue, in the lungs and truo 
rocal corda. 

I {b.) Thick fibres, sometimes cylindricaU sometimes fluttened tike tape,, 
whicli bronch aiid form u network: these are Been nuiat tyiumlly in the 
li^meuta uuhlluva Hnd also in tlie ligiunentiim nuehie of ^uuh uiuuuila us 
the ox and horse, in which it is largely developed. 

(f.) Klwstic membranes with perforations, r.g., Henle'a fenestrated 
lembruie: thi;^ variety is found chiotty in the arteries and veins, 

{d.) Continuous, homogeneous elastic membnuiea, e.tf., Jton'man'a 
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interior ehutto lamiiui, and Desoemet's poaterior ehifitic' lamina, both in 

the cornea. 

A certain onmber of flat connective tissne cells are found in tho 
iind snbstauoe between the ehutic fibres constituting this rarioty of 

connectire tissne. 
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B. — imperial Fwmt. — {a.) Oefati'nous Tissue. 

Ointribuliott. — Gelatinous connective tissue forms the chief part of 
ic hwiies of jelly fish; it is found in many parts of the hnman embryo, 
t remains in the ndult only in the vitreonx humor of the eye. It may 
b« best aeen iti the last-named situation, in the ''W'hartonian jetty* of tha 
ombilicat cord, and in the enamel organ of developing iectli. 
Vou I.— a. 
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Strueture. — It oonsiatB of cellsj winch in the vitreous humor one 
SOUntletl, Mui ill the jellv of llie eiminel urgtiii are oteliuto, imbeilded in a 
itfoft jelly-like intercellular substatice which forms the bulk of the tissue, 
fuid which coutaiufl u considcmblo quantity of mucin. In the umbilical 
cord, that part of the jelly Immodiiitt-ly surrounding the stellate oelU 
•iiowa marks of obscure fibrillutiou. 

(b.) Adenoid or If etifortft. 

Distribu/ioii. ~lt composes thp stroma of tho spleen and Ijmphi 
glands, and is fmiml hUo in l.bc tliytnim, in the tonsils, in the follicul 
gbiTids of the tongue, in Peyer's patches and in the solitary glands of the 
intestines, and in the mucous membranes generally. 

S(r7iciure. — Adenoid or retiforni tiswiiy consists of a very delicate net- 
■ffork of niinuto fibrils, formed originally by the union of processes of 
bruncbed conuective-tieeue cnrpuscleB the nuclei of which, however, are 
visible only during the early ^Hriods of development of the tissue 
(Fig. 32). 

TliD nuclei fotind on the flbrillar mcshwork do not form an cssentisl 
part of it. The fibrils are neither white fibrous nor elastic tissue, as ihey 
arc insnluble in boiling water, although readily soluble in hot alkaline 
solutions. 

(ff.) Nraroglia. — This tissue forms the support of the Nervous ele- 
ments in the Biuin and Spiiisl cord. It consiels of a rery fine nieshwork 
of fibrils, said to be eUstic, and with nucleated plates which constitute 
the connective-tissue corpuscles imbedded vx it. 
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Development of Fibrous Tissues.— In the embryo tho place <rf 
Ihe libroLis lifisiifs \si at lirsi occupii-d by » mass of roundish cells, derived 
from tlic "meaablast." 

Tlicjwt develop pilher into a network of branched colls, or into groups _ 
of fusiform cells (Fig. 33). f 

The cells are irahedded in ii semi-fluid albumJnons sulwtance derived 
either from the cells themselves or from the neighboring blood-vesMls; 
this afterward forms the cement substiujce. In it fibres are developed. 
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itiier by pnrt of the c«IU becoinitig fibrils, the otbore rcmuiniiig at coii- 
octJTe-tUBtie corpusclcufl. or by tho flbrila being ilevelojK'd frota the oct- 
iiie layers of tliu protopIuBin vf tliu ct'lls, wliich grow up again Ui iimr 
;uiai Biw Htul reiitnin inibwWeU amuiig the fibres. This' proc««8 gives 
to fibn.4 Armnged in tho one com in iiiterlacing networks (arcolM* 
jnnc), in the other in imrnllel buntllea (white fibrons tissue). In the 
,tnre fonns of purely fibrous tissiio not only the rennnuiU nf the oell- 
,ce, but eTon tho nuclei may disappear.. The ombr)'onic tiesuiv 
■m whioli fia»ticfihmn.re clovolopcd,. is composed of fni^iform cells, and 
Htrurtureless intercellular substance by the gradual iibritlHLiuii of which 
'«liutic fibres arc formed. Tho fusiform colls dwindle in size and oTeut- 
n^lj diHppeiu- 00 completely that iu mature elastic tisstie hardly u trace 
I of them i« to be found: meanwhile the elastic fibres steadily inereaso in 
size. 

Another theory of thti development of tho connective-tissue flbrila 
1^ mpposea thit tboy uriae from deposits in the intercol hilar substaneo and 
^Lnot fmm the cells themselves; xheee dojiosits, in the case of elastic fibres, 
^P*piioaring first of all iu the form of rows of granules, which, joining 
^■together, form long fibrils. It seems probable lliat oven if this view bo 
^■currect, the eolts themselves have a considerable infiueuce iu the produu- 
^■ttou iif the depatitA outside thr'm. 

^1 Functions of Areolar and Fibrous Tissue. — ^The main function 
^■HtOOnaMliirotlaiuc is mcohaniml rather than vital: it fnltils the subsidi- 
^Bvy but Inporlant use of supporting and counoctiug tho various tiAsuea 
And organs of tho body. 

In glands the tral>ecul» of connectlre tissue form an interstitia] frame- 
work in which the parenchyma or secreting glund-tissuo is lodged: in 
muscles and nerves the septa of connective tissue sujrport the bundles of 
fibres, which form the essential part of the stnicture. 

Elastic tissue, by virtue of its elasticity, has other important uses: 
ihew, again, are mechanical rather than vital. Thus the tigamentum 
Bnche of the horse or ox ai'ts very much as an India-rubber band in the 
ttnio poeitiou would. It maintains tho head in a projwr position without 
Any muscular exertion; and when the head has boon lowered by tho action 
of the ttexor miisi;lo8 of tho uock, and tho ligamentum nuchs thus 
atntchcd, the bead is brought up again to its normal pooition by the 
relaxation of the llexor muscloM i<rhicli allows the ehuticity of the ligu- 
jnentnm nuchse to come agaiu into play. 
(a.) Adipotf- TiiisH«. 

Jh'ntrihtitioH. — In almost all regions of the human body a larger or 

lor 'luantity of adiiiose or fatty tissue ts present; tho chief exooptions 

ii^ the subcutaneous tiseao of the eyelids, penis, and scrotum, the 

phae, and the cavily of tho omnium. AdijMise Hnxtir h also absent 

the Bubatanoe of niuuy organs, as thu lungs, liver, and otheni 
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Fatty matter, not in the form of a dirtinct tisgne, is also widely 
ent in the hcxiy, e.i}., in tho livirr anil brain, and in the blood and chyle. 

Adipose tissnc is almost always found seated in ai-colar tissue, and forme 
in its nu'shtw littU? niatwes of unequal eizo ami irregular shape, to which 
the term hbuhs is commonly applied. 

Sin<cture. — Uuder the microscope adipose tisBuo is found to consii 
essentuiUy uf little wgiclos or evils which present dark, sharply-dcSu 
edges when viewed with tmnsmitted light: they are about ,Jq or xk^dl 
an inth in diameter, each composed of a stnictureless and colorless mem- 
brane or bftft, filled with fatty matter, which is liquid dnring life, but iiL' 
pan. Rfvlidified after death (Kig. ;M). A nnclens is always present in 6om? 
part or other of the cell-wall, but in the ordinary condition of the cell I 
is not easily or always visihlo. 
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Flo, Kl.-'lnliiiary falnvUn of a tat uuPt in (ho otni.-iilii!ii »>f n rat, tlTWn.j 
Flo. dj.— 'lr<nij>ui lul-wllatFCj with vaplUnry vt!tHelai,ci. iNobLu HibIUlj 

This membrane and the nucleus can generally be brought into view bj 
staining the tissue: ft can l^e Btill more satisfactorily demonstrated by ei 
traeling the eontents of the fat-nidlH with ether, when the ahmnkon, 
shriveled membrane:) remain behind. By mutual presenm, fat-eetU come 
to asMUuic a polyhedral figure (Fig. 35). 

The ultimate celln are held together by ca]"illury blood-rcseel.'* (Fig. 
35); while tbe little clustci's thus formed are grfnijwd into small masses,J 
and held so. iu moat cases, by areolar tissue. 

The oily matter rontained in the cells is composed chiefly of the com-| 
pounds of fatty acida with glycerin, which are named ohhf, i^teariu, andj 
p/iImi/iH. 

Development of Adipose Tissue. — Fat-cells arc developed from^ 
connective-lisfiuc eorpueeles; in the infra-orbil:il conmnrtive-t issue cells 
mny be found exhibiting every intermediate gradation between an ordixfl 
nary hmnched L-onnuctive-tiBSuo eorpus<']e and a mature fut-cell. The™ 
process of development is as follows: a few small di-ops of oil make Iheir 
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appeonuico in the proU)pladm: hy their confluence n ku-gor drop ia pro- 
daced (Fig. 37): iliis £i-»diiiUly iucreasut) in size at tliu exj^iiue of tho orig- 
inal proloplasm of ihu cell, which becomes cr>iTes|x>ndiiigly diminished 
in qujintity till in the niaturo coll it only forms a thin crescentic film. 
cloeely presMM.'d iigiuoal the cvlt-wall, und with a nudoiu imbuddi-'d in itH 
Aubetjuicu (Figs. 34 and 37). 

Undfr certain circuniKtancca this proceca maj he ret'emed und fat-cells 
may be changed back into connective-tissue corpuscles. (KfllUker, Vir* 
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Tta. ».— B>0Od-iiMf li or mUlvmk tiMiu«> jl Wnutf IhtMwd fftL-lotnilF. Iti whk-h thr rvmrin onlf 
V* KWM wUcil, OitkiMrmtiHUartrrT: I, U)fprinlUT«mlii; b.UirUt v««lcl«a<ir one bnnin- nf 



cxtMfor of tfr T^ateM: isom Ugfaljr ln«n>iflnJ iTnddaad BnirrTunl 

triMn pliMUlfc poMiMlml «lbi «rlui Iwiri' oMiUml miclnui, ininv>un<l>^ bjr « IIim-It n-i|.->iUt«al mli- 
■UniMi Wiiiitiir iiwlnnnlr ^th liBnuiuwrllD. ft Similar oetta wMi qwtwa trwii urtiiob ili<r r»t Im* 
••M iMMwadiw oU nt rionn. t. Wmlkr crilt AwriM how Uie nndriM ■rllb mcbidac prutuvUMu 
» Wbg I B W Mi . i towwii pwlphwT. (t NucWuof «aaoUMllBiu<rftnveadimcaptll«rle». (UvCwUir,) 

Vetwh and Xervet. — A large nnmber of blood-Teasels are found in 
adipoM tisnic, irfaich subdivide until each lobulo of fat coiitaina a 6ne 
meshwork of cnpilUricfi enslicathing each individual fat<globulo. A1> 
thongh nerve flbrea pass through iho tiaane, nu nerveu hare been demon* 
strated to terminiite in it. 

The Uses of Adipose Tissue. — Among the uses of adipoee tissnor 
those are the chief: — 

ri. It served as a store of combustible matter which may bo re-ab- 
Aorbed into the blood when occasion requires, and. being burnt, may 
help to preserve the heat of the body, 

b. That i^irt of the fat which U sitnate bencnth the ikin mnst, by its 
want of conducting power, assist in preventing undue waste of the he^t 
of the body by escape from the surface. 
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t, A»a packing material, fat scrres very admirably to fill np spaoo^ 
to fonn ft soft and yielding yet elastic mnterinl wherewith to wrap tender 
and delicate stmctnrea, cr form a bed with like qnalities on which bucIi 
Btrncturea may lie, not endangered by pressure. 

Afl good exampU'S of eituationa in whifh fiit serves anch pnrpoaes nwy 
bo mentioned the palms of the hands and goI&s of the feet, and tlie orbiu> 



na. Ml— Branched. otmuecUve-liamo twrjruMlm, doveloptojt InU) [ftt«elli. (Xkta. ) 

d. In the long bones, fatty tisane, in the fomi known as yellow mar- 
row, fills the mcihillary canal, and supports the small blood-vessels which 
nro distribntod from it to thu inner purl of the substance of the bone. 



II. Cartilage. 
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Ottrtilage or gristle exists in three different forms in the human body, 
fit., 1, Htjaliiie mrtilage, 2, Yellotc eiastic eariilaffe, and 3, Wltite fibro- 
eartUage. m 

Structure of Cartilage. — All kinds of cartilage are composed of^ 
cells imbedded in a anbatance called the matrix: and the apparent differ- 
ences of atnicture met with in the variuim kinds of cartilagu are more due 
to differences in the character of thu iimtrix than of the cells. Among 
the liitter, however, there io also cnnsiclerable diversity of form and size. M 

With the exception of the artienlar variety, cartiUge is invested by a" 
thin but tough firm fibrous membrane culled the perirfionffrium. On the 
Burfoco of tho articulnr cirtilfigc of the fa>tu«. the perichondrium is rcp- 
reseuted by a film of epithelium; but this is gradniilly worn away np to 
the margin of the articular aurfacGB, when by ueo the parts begin to rafler 
friction. 

N'tTves are probably not supplied to any variety of cartilage. 

1. Hyaline Cartilage. 

f)if(n'biifioTK—Thy9 variety of cartilage is met with largely in th< 
haman body — investing the articular enda of bones, and forming th< 
costal cjirtilagea, the noeiil cartilages, and those of the larynx with the ex- 
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ception of the epiglottis and oornicula laryngis. Tiie cartilagei of the 
trachea und bronchi are also hyaline. 

Structure. — Like otlicr oirtilftjfM it is composed of cells fmh'pdded in 
A matrix. The colU, wliich contain a nucleus wiih nncle<ili. hfp irrpE'ilar 
in ihape, and generally gronpeil together 
in patches (Fig. 30). The patches are 
of Viiriotttt shapes and aim, and placed 
at nneqaal distances apart. They geu- 
cmlly appear fiattctiod near the free lar- 
fui-i> of till' niafls of cartilage in which 
they are placed, and more or lew per- 
pendicular to the surfacu in the more- 
deeply seated portions. 

The matrix of hyaline cartilage ha« 
[IB dimly grannlar appearance like that of 

nnd glass, and in man and the higher 
■nimala ha« no apparent structure. In 
some cartilages of th^ frog, however, 
even when examineil in the frosh state, 
it is eetm to be mappe^l out into polygo- 
nal blocks or cell-territories, each con- 
taining a Cell in the centre, and representing what is generally called 
the capsnle of the cartilage cells (Fig. 40). Hyaline cartilage in man 
has really the same stmctnre, which can be demon dtrft ted by the use of 
oartain reagonta. If a piece of human hyalino cartilage be macerated 
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for a long time in dilnto acid or In hot water dA"— 113** F. (35° to 
45° C), the matrix, which previonsly appeared quite homogeneoos, is 
louad to be resolrini into a number of couceutrio bunelliB, like the ooaU 
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of An onion, arranged round each cell or group of cells. It is thai 

filtovrn to confdst of nothing but n number of large Bvstetng of capmles 
which have b&como fused with one another 

The cuTities in the nintrix in which the cells lid ftrc connected to- 
gether by a series of branching canals, vorj- much reaombling those in the 
camea: through these catuili! fluids may maku their way into the deptlis 
of the tisiiue. 

]n the hyaline cartilage of the ribd, the culls arc mostly larger than in 
the articular rariety. anJ ttiere is a tendency to the development of fibres 
in the matrix. The costal cartilages also fn-tjuently become calcified in 
old age, M aUrt do .lome of those of the larynx. Fat-globules may also be 
Bcon in many cartilages. 

Ill articular cartilagt; the cells are amaller, and arranged Tcrtically in 
narrow lines like etringri of bt'itUfi. 

Temporary Cartilage.— In the footog, cartilage in the material of 
which tlio bones are first cwngtrnctud; the "model" of each bone being 
laid down, so to tii|teuk, iu this tsubstauce. In such uattes the cartilage is 
termetl tempvrarif. It closely resembles the ordinary hyaliue kind; the 
cells, however, are not grouiH'd togethc'r after tlw fashion jnst described, 
but arc more uniformly distribtited throughout the matrix. 

A variety of temponiry hyaline cartilage which has scarcely any matrix 
is found itL the liiiman subject only in early fix'tal life^ when it oonsticntM 
the chorda dorf^alU. 

Nutrition of Cartilage. — Hyaline cartilage is reckoned among tho 
80-called »uH-vasculiir t^tiut-tures, no blood-vesBcle being supjilied directly 
to its own 8ul>Btantre; it is nourished by those of the bom; beneath. 
AVheii Iiyaliiitf ctirtilage is iu thicker masses, us in the case of the cartilages 
of tho ribs, a few blood-veseels traverse its substance. The distinction, 
however, between hU so-called vancidar and noii-x^asculaT parts, is at thd, 
best a very artificial one. 



8. Yellow Elastic Cartilage. 

DiglrihutloH. — In the external ear. in tho epiglottis and comionla" 
taryitgis, and in the Eustachian tube. 

Slrnriure. — The cells are rounded or oval, with well-marked imulei 
and nucleoli (Fig. 41). The matrix in which they are seated is compoBed , 
almost entirely of tine elastic fibres, which form an intricate interlace- 
ment about the cells, and in their general characters are allied to the yel- 
low variety of fibrons rissne: a small and variable quantity of hyaline in- 
tercellular fiulwl-anco is iilso usually prcsi-nt. 

A variety ot elastic cartilage, sometimoB called ceUuIar, may be obtained 
from the external car of mlfr. mice, or other t^niali mammals. It is oom- 
posed almost untirvly of cells ^honce thu lumc), which are packed TCf^ 
closely, with little or no matrix. ^Vhun present the matrix coneistA of 
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Tery fine fibres, which twine shout the cells in various directions ami 
enclose them in ii kind of iiL'twork. 



3. White Fibro-Cartilage. 

Vittrihation. — The different sitnations in which whito fibro-eartihiKO 
'ia found have g^ven rise to the following clasaificntioii: — 

1. Inter-articular (ihru-cartiluj^'v, e.y., tiie suiiiilunur ciuiiliigea of 
the kntie-joint. 




no. tt. 

m. 4l.-HMUoa of Uu! epWotUL (Balr.) 

9m. 41— TnarMW) mgUcmi thraugh thr uit«mt*t*biml owtnags oT th<> tall «f moua*, Aim\mg 

~ Bbt Bhma mwe wUb outflace odta MTSiutMl Is nm ttMv-(H>ii ilo-m Tli- cfUii are awii la 

^ud batng- *-'*— ~*, i^ipaar liaff^AwpMl. Eadi call Um in b i-Bt'"ul<'- >; 3U. iKI*4o iumI 

9. Cimimftrtnttal or nutr^nal. as on the edges of the acetalnilum 
I and glenoid cavity. 

^B 3. VaHnediiiff, e.g., the inter-vertcbral fibro-cartilaf^es. 
^m 4. In the shpaihs of lerulo»«. and Kometimcg in Da'ir suhetanre. In 
^Fthe latter situation, the nodule of fibro-cnrtUuge lit galled a ttsamoid fibro- 

cutihiffe, of which a viwciinen may be 

found in the tendon of the tibialis posti- 

cut, in the m>le of tlte foot, and uAinitly 

in the neighboring tendon of the (wroneua 

longtu. 

Stmeiurt. — Wliite flbro-cartilage (Fig. 

43), which 18 mach more widely diatribu- 

t«l tiiruugiiout tlio body than the forego- 
ing Idndr iB composed, like it, of cells and 

a matrix; the latter, however. Iieing made 

np ahnost entirely of (ibree clotsely reeero- 

bling those of white fihrons tissue. 

In this kind of fihnvcartilagd it is not 

nnusnal to find n givnt port of its moM 

oonposed almost excliisiTcly of fibres, and deriving the name of carlilage 

only from the fm-t that in another iwrtion, continuous with it, cortikgo 

cells may bo pretty freely distributed. 
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Functions of Cartilage. — Cartilage notonly represents in the fcetna 
the bones which are to be fonned (temporary cflrtUuge), but also offers a 
firm, but more or lem yielding, framework for certain jjarta in the dc- 
Tclopcd bodr, poBseasing at the same time Rtreugth and oliuticity. It 
innint.iiin8 the ehnpe of tuljps as in the larynx and tnichea. It affonU 
tttCunhmont to muscles aiul ligaments; it binds bonce together^ jet allows 
a ciTtain degree of movement, as between the vertebne; it forms a firm 
fruniL'Work and jToteotion, yet ■wilbout undue stiJTness or weight, as in 
the pinna, krynx. and i-licst walls; it dcHtiwns joint cavities, as in tho 
acetabulum, without unduly restricting the movements of the bones. 

Development of Cartilage.— t'artilape i« developed out of an em- 
brronal tissue, coneisting of cells with a very small ([nantity of intfrcel- ^ 
]nlar Bubetance: the cells multiply by flttsion within tho ccU-cyapsuIeA (Fig. ■ 
Ci): while tho capsnle of tho parent cell becomes gnidually fused with thn 
Burrounding intercellular enbi^ljiticu. A repi'tilion of tliia process in the 
joung cells caneca a rapid growth of tho c-artilago by the multiplication 
of its celluhir elemontB and corresponding iucreiue in its matrix. 

HI. BosE. 

Chemical Composition.— Bone is composed of earfhy And animat 
matter in the proportion of about 07 per cent, of the former to 33 per 
cent, of the latter. The earthy matter in compr«pd chiefly of calciiira 
phosphate, but besides there is a anmll rjunntity (about 11 of the G7 per 
cent.) of calcium carbonate and [Inorido. and magnesium phosphate. 

The animal matter is resolved into gela/in by boiling. 

Tlio earthy and animal constituents of bone are so intimately blended 
and incorporated the one with the other, that it in only by chemical 
action, aa, for iustauco. by heat in one c^ise and by tho action of acids 
in another, that they can be separated. Their close union, too, i« farther 
shown by the fact that when by acids the earthy matter is dissolved ont, 
or, on the other haml. when the animal part is burnt ont, tho shape of 
the bone is alike preserrod. 

The proportion between these two constituents of bone varies in dif- 
ferent bones in the same individual, and iu tlie same bone at different 
ages. 

Structure. — To tho naked eye there appear two kinds of structure in 
diiferent bouerf, and in different parts of the same bone, namely, the dtnge 
or comprirt, and tho spongy or rancdhus tissue. 

Thus, in making a longitudinal section of a long bone, m the hnmerus 
cr femur, the articular extrcndties arc found capped on their surface by 
a thin shell of compact bone, while their interior is mmle up of the 
spongy or cancellouB tissue. The shaft, on tho other liand, is fornieil 
almot-t entirely of a thick layer of tho compact hone, and this surronnds 
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c«ntnU canal, the tncdtillartf cavity— m called &om it4 containing the 
teduUa or marrow. 

In tlie Hat bones, as the parietal bone or the scapnla, one luyer of the 

Hic«liou« atnicture lies between two layers of the compact tiasiic, and 

the short and irregular bonca, u those of the carpus and larsun, the 

icelloas tiBsne alone tills tlio intarior, whilo a thin shell of oompact 

ino forms the nutsidu. 

Marrow. — There are two distinct raricties of taarrow — tbu red and 
iiow. 
Red marrow is that variety which iwcupies the spaces in the caiicul- 
loDi tiaiue; it ii highly TaBculur, and tbuif maintains the nutrition of the 
■pong}" bone, the interstices of which it filLi. It contains a few fat-celU 
aiui a hu'gc number of marrow-colls, many of which are uudiatinguiBliablo 
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Put. U.— Oidln (!/ Ilie i«d nuuTun- u( the ffiilnc* plf. hlchly nuwnlUnl- <i.«lAniFcr4t.tbe pudena 

ipnn lotir|MrUy illvUed (nto Uir(<<< liy oiinslrlellKm: 6, • c^l, Uw nadna of wMoli 

,^WiMmi iifUiliia i«wliiil«iit Intoanuiahvrtif «niAlkT riui-lp]: r, > thrtlteJ (tnnl nil. 

__raoM^|Mns.wttfemmf inHW;d.&>mBUor tiwlopl»xv,inib throe BuctH; r— <, prvtHrMUiiff U» 

BAimw. IB. A. ScfaUer.l 

from t3nnphoid corpuBclcs, and hoa for a bnsis n emnll amount of fibrong 
tteue. .\mong the cells are some nucleated cella of Terj- much the same 
tint as colored blood -corpascles. Thcro arc also a few lai^ eells with 
ntariy nuclei, lornied "giiint-celU" [inyelojiluxea) which are derived from. 
OTer-gntwth of the ordinary nmrrow-cells {I'in. 44). 

II i'eUotf marrow Gils the medidlary cavity of long bones, and consist* 
Bhiefly of fat-cells with nnmeroiia blood-TeaMls; many of it* cells also are 
in everv reepect similar to lymphoid corpnscles. 
I From these marrow-cells, ciipccially thoec of the red marrow, are 
deriTod. as wo shall presently ahow, large qnautitics of red blood-cor- 
pQBcles. 

t Periosteum and Nutrient Blood-vessels.— The Burfaoes of bouM, 
^ttbc part corercd with articular carlibp^, are clothed by a tough. 
MB membrane, the/x>rtWfrrni; and it is from the blood-voaeets which 
are dSstribute'l in this membrane, tlmt the bonea, especially their more 
ipact tiasuo, arc in great part supplied with noorishment, — minute 
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branches from the |>erioBtea] veeeeis entering the little fommiaa on the 
surfacL- of the hone, and finding their way to the HarerBian canals, to be 
immediately described^ The long bones are supplied also by a ])roper 
nutrient artery wliicli, entering at seme part of the shaft bo ad to reach 
the medullary ciuial, breaks up into branches for the supply of the mar- 
row, from which again small vessels are distributed to the interior of the 
bone. Other small Mofwi-Tcssola pierce the articular extremities for the 
BUpply of the cancellous tiMne. 

Microscopic Structure of Bone. — Notvithstanding the differenoei 
of atTangcmcnt just mentioned, the strnctura of all bone is found TUider 
the microscope to be eBsentially tlie some. 
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Kxamined with a rather high ^wwer its BuliBtaiico is found to contain 
a multitude of little irregular spaces, appruximately fusiform in abapo, 
called hcuHw. with verj- minute canals or iciiiitlicHli, m they are termed, 
leading frum them, and auaetoniosing with similHr little prolongatiom^ 
from otlier lucume (Fig. 45). In very thin layera of Iwne, no other canal& 
than these may be visible; hut on making a transverse section of the 
compact tissue as of ii long bone, r.ff., tlic hnnierns or nlna, the arrange- 
ment nhfiwi in Fig. 4fi can be seen. 

The iKine scoma mopped ont into small circular districts, at or about 
the centre of each of wliioh is a iiole. and around thii^ an ap]>canince as 
of concentric layers — the iacuiup nnd nirndtrtih' following the some con- 
centric plan of distribution around tlie small hole in the centre, with 
■which, indeed, they communicate. 
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Oil making a longitudhiiil section, the cctitml l)o]«« ure found to be 
Btinply the cnt extivmitiea o( smiiU canals which run lengthwise through, 
the bone, anaitdmoising vith each other by latorat branches (Fig. AG), 
and are culled lliiverginn cannls. after tho name of the physicjiui, Clopton 
Haverer who firet accumtely dcecriljed them. The llaYersian canals, the 
ftTBnge diameter of vhicb ie -^f, of an iiie.h. contain blood -viiti^ts, und. 
by neuu of them blood is conveyed to all. even the densest {iiirts of the 
bono; tho miitute cuuuliculi und lucuniu ulworbing nutrient matter from 
the Haversian blood- vcsscla. and conveying it etill more lutunutely to the 
very eubetance of the bono which they traverse. 

The blood-Tossels enter tho Huveraian canals both from without, by 
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rm IT.— lta(wcorin«MHMwiihUwfrproMw««aBw««ilii«ihlDH>ctloa(i(bupuu)bou*, (Eon«tt.> 

truTernng the small bold) which exist on tho onrfucc of all bones t>eneiirh 

• the [periosteuni, and from within by mcaiia of itmall cbaniiels which 
extend from tho nie<lullary cnvity, or from the cuncvlluiis tissue. Tlie 
arteries and veins usually occupy separate cauaU. and the veius, which 

H are the larger, often preeont. at irrcgnlur intervals, email poiich-likc 

H^iUtationa. 

^B Tho kiniHtf are occupied by branched cells {hono^ells. or bnne>coN 

^^maolca) (Fig. 47), which vexy clowly resemble the ordinary branched 
oonnective-tlBBQe corpnscleit: each of these little masses of prutopbuni 
ministering to the nutrition ot the bone immediiitely snrroutidtng it, 
and one lacunar corpnselfi eommnnicating with another, and with it« sur- 
rounding district, and with the blood-vcsEcls of the Ilavendan caiuUs, by 
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means of the minute stroiin)& of Uuid tmirit^nt matter which occupy i\w 
caiinlirruli. 

U will be Been from the abore description that lione is csficntially cod* 
ncctive-tiesuu impR-guuted with lime lutlts: it bean h very uh>se rosem- 
blauco to what may Iw tenned typical connect ivft-t issue «ich as the 
substance of the cornod. The iMine-corpiisclcs with their processes, occu- 
pying the lacunie and canaliculi, correspond exactly to the comon-cor- 
puacles lying in hranyhed upaces; wiiile the linely (ibriJIiited stnictnre of 
the hone-lamellH'. to he presently described, rceemhlca the Sbriltatcd sub- 
stance of the {.'omeit In ivhjrli the branching Bpnces lie. 

Lamellx of Compact Bone.— In tiie uliuft of a long bone three 
dietiuct Kt^t^ of limiella' can be clearly recognized. 

(I.) (joifrnl or fundamentul hinieElie^ wliich are most easily traceable 
just beneath the ivriosteum, uinl h round the medullary cavity, forming 
around the latter a scries of concentric rings. At a little distance from 
the mednlliiry and periostcid Aurf^iccs (in the deeper portions of tha horn) 
they are more or leas interrupted by 

{%.) Sfteciul or Haversian hLUiella?, which are concentrieally arranged 
around the Uarci-sian caimls to the number of six to eighteen around 
each. 

(3.) Interxtifial lamellie, which connect the systems of Haversian 
lamelUe, filling the spaces })ctwecn them, and conDequenlly attaining 
ttieir greatest derelopmont where the Harersiun 
systems are few, and ritv rsrud. 

The ultimate structure of the hmeJhf appears 
to be reticular. If a thin film be peeled off the 
surface of a Ume, fmin which the cnrthy matter has 
been removed by acid, and examined with a high 
power of the microscope, it will be found com- 
posed of a finely reticular structure, formed appar- 
ently of very slender fibres decnssuting obhquely, 
but coale&t^ing at the points of intcr^eetiou, as if 
hero the fibres were fused rather than woven 
together (Fig. 48). (Sliarjiey.) 

In many places these reticular lamella) an 
perforated by tapering fibres {Clufietiii of Ougli- 
ardi), respmbling in clianwter the ontinary while 
or rarely the clastic fibrous tissue, which hoU the 
neighboring lamollsp together, and may Ije drawn out when the latter are J 
torn asunder (Fig. ■19). Tluisc iierforating fibi-es originate from ingrow* 
ing processes of the periosteum, and in the adult> still retain their con- 
nection with it. 

Development of Bone. — From the point of view of their develoji- 
mcnt, all bones may be subdivided into two classes. 
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(tu) Tbow which are OMufled dircctlr in tntmbranr, e.ff., the bones 
fomung the vault of the skull, parietal, fmntal. 

(6.) Those whose fomi, previoua to osiiificatioii, in laid down in hyalfa* 
eartilagf, f.i/., liumcrus, foninr. 

The pracoaa of development, pnro nad simple, muy be best studied 
bonofi which are not precudvd by ciirtiluge— '^uiembnuic-boneti" (f.y., 
1); and withont a kuowledgo of this proc«e« (oftgillvHtion in mem- 
AraiM), it ia impOMibld to undenatand the mnch more complei «orii>« of 
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cliangee through which such a stmctnrc as the cartiUiginous femur of the 
tefl in its iranHfnrmation into the body femur of the adult (oad^ 
on in fttrtDage). 
Ossification in Membrane. — The membrane or periostenm from 
soch a bone n» i\\f. )>ii.r>r>ud iti dnvcto[)et] eonsiste of two layers — nn 
fibrous, and an Internal reliulnr or onteogenetic. 
The cxtemul one conaists of ordinary oouuectivo-tiKsue, being com- 
of layers of librous tissue with branched connective*ti88ue corpuscles 
here and there between the bandies of fibres. The internal layer cotuista 
of a network of fine Itbrils with a targe number of nucleated cella, some 
■of which are oral, others drawn out into a long branched proreM, and 
liera branehcd: it ia more richly frapplicd with capillariea than the outer 
yor. Tlie relatively large number of it.8 cellular elements, their varia- 
ility in size and sha|M\ together with the abundan^v of iut blood -veRru Is, 
ck-arly mark it out ns the portion of the periosteum which is inuucdiatcly 
inoamed in the formation of bone. 
In such a bone as the ]iariela), the deposition of bony matter, which 
preceded by increased viwcularity, takes plare in radiating spicula*. 
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Btaiting from fl "centre of oBsification/' and shooting out in all diitctioM 
towurd thu pfripliL'ry: vhUe tho bono inorcascs in tliickoeM by the (le])o- 
Bition of succeaaive layers beneath tho poriosteum. The finely fibrillur 
network of tlie ileiipur ur oaltngendic layer of the periosteum booomes 
tranfiformod into bone-nutrix (tlio minute* Btnioturc of which lias been 
alreiuly (p. 4G) dcecribod iis reLicular), mid its cells into bone-corpU8c!f«. 
On the young bone trabeuula? thus formed, fresh luyere of oells (oetHk- 
bliists] from tliu oeteogcuetiu ]»yt.T aro developed eidv by side, lining the 
irregidar tt[>ace8 like an epithelium (Fig. 50, b). Lime-salts are depo«iti-d 
in the circumfereutinl part of each oat^oblast, and thus a ring of osteo- 
blasts gives rise to a ring of bone with the remaining nnoalciG«d 
of the osteohlafits imbedded in it oa bone-cor]iusolcs (Fig. 60). 
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no. aO,— OttMklMtB rmin ihc imHi-tet boM of a humttn rmbrro. tUrtCMi weeks «U. a, tnnyl 
m-ipin, wl(taaiBMn>or Oio Uit'uiw: b. tivfm of oMooUuta: e, Ibe Htlcr In tnualUOD to boM mr-j 
piLwlr*. nifUjr maKnlllcil. lUi-icvnluuir.) 

Tlins, the primitive spongy bone is formed, whose irregular branch-5 
Ing spaces are ocmpied by jirocesscs from the ostcogenetic layer of the 
periosteum with nunierouii blood-Tesselsand osteoblasts. pMtions of this 
primiiivo spongy bone are re-absorbed: tho ostcoblnets being arranged in 
coneentrie suei^ssive layers anil tlins giving rms tn cimeeiitrtc Haversian 
lumcilie of bone, until tho irregular s]mce in tho centra is rodncad to a 
well-funned Haversian ciinal, the portions of the primitive 8i»ongy bono 
between the Haversian systems remaining as interstitial or grouiid- 
lamell* (p. 4fi). The bulk of the primitive spongy bone is thus gradu* 
ally converted into compact bony-tissue with naversian canals. ThoM 
portions of the in-growths from the deeper layer of the perlostenm which 
are not ciinverted into bone remain in the spaces of the cancellous tissufr 
AS ihe roil nuirrow. _ 

Ossification in Cartilage. — Under this hea<ling, taking the femurnsf 
n ty]iiud example, we may etiiibidor tho pi-ocoss by which the solid carti- 
laginous rod which represents It in the foetus is converted into the hollow 
cylinder of com})act bone with expanded ends of cancellous tissue whii 
forms the adult femur; bearing in mind the fact that this fo&tal cartila^] 
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inonB fcmar is many times smaller tliiin the medallary carity eTen of the 
shaft of the maturo bone, and, therefore, that not a trace of the original 
oartitage can bo proseot in the femur of the wlult. Its purpose is indeed 
purely temporary; and, after its calcification, it is i^railually and entirely 
i9-«b0orbed is will be prmcntly exptaine<l. 
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The rartilaginuiiB rod which forms the ftrtal femur is nhcMithed in a 
iii«mbrano ternif«I the jwrir.hnndrium, which so far resembles the jterioe- 
t^um described above, that it consiets of two layere, in the deeper one of 
which spheroidal cells predominnto and blood-rctgsola abound, while tlie 
oater Isyer consists miiinly of fusiform cclla which are in the mature 
tiimo gradnnUv tranftfonued into Bbreti. Thus, the dtfrerenc«s between 
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the ftetftl perichondrium aiid the periosteam of the adult are such u 
nsnallj* exist between the embryonic and mature fonns of coimectire- ^ 
tiffiue. V 

Hetwecn the hyaline cartilage of which the foetal femur conaiscs and 
the bony tiistiio fnrmiii" ihu adult femur, two iiiternic-diute stagca exist — 
viz., ctUeified cartilage, and embr^'oiiic spongy boue. These tissnee, 
which successively occupy the place of the fceta] cartilage, are in suc- 
cession entirely re-abaorbed, aud their place takeu by true bone. 

The pruccM by which the cartilagiiioUB i« tranaformeU into the bour 
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femur may lie dividea for the soke of cloanicsa into the following six 
stagi-s: 

Stage I.— Vascularization of the Cartilage.— lVocc«ses from 
the OBteogenetic or (.■eHiilar layer of the pericliondriniii ootituiiiipg blood- 
vessels grow into the siibstniice of the cartilage much as iry insinuate* it- 
lielf into the cracks and crevices of a wall. Thua the substjince of the car- 
tilage, which previously contained uo vessels, is traversed by u number of 
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icbed anastoriKwing channels {ormed by tlio enlargement and coules- 
tfiittB of tli« fpac«e in vhich the cartilago-celU lie, and containing loops 
cf blood-y«tKb (Fig. &:£) and spheroidol-celU which will twcome osteo- 
bUftta. 

\ Stage 2.— Calcification of Cartilaginous Matrix.— Ume-sAltH 
«ra noxt dopoaitcd in tliu fumt of tint) {^nuiulos in the hyuliuo matrix of 
the cartilage, which tliUB bt-couiei) gruiiiuiU)' trAiitifornibd into a number 
of valci&ed trabecnlw (Fig. 54, *), forming alveoUr spaces (prtmarif areola) 
containing cartilage cells. By tho absorption of some of tlie trabcculis 
laigor Bpftce< arise, which contain cartilage-cells for a very short time 
ly, thoir places being taken by tlie so-calted ost^ogcnetic layer of tlio 
richondrinm (before referred to in Stage 1) vhich constitutes thw pri- 
■y marrow. The cartiliige-cells. gradHally enlarging, become more 
iraneparent and fnially uniiergo di»:integraiion. 

Stage 3.— Substitution of Embryonic Spongy Bone for Car- 
tilage. — The cells of Uio primary nuirrow arrange theiuiielves as a con- 
nuonj layer like epithelium on the 
eitied tral>ecnlBe and depoeit a layer 
botie, which ennheathes the calciSed 
ate: these calcified traboculie, 
in their sheaths of yuiing hone, 
me gradually absorhexl, so that 
nally wo have trabccnla) composed en- 
ly of 8pong,v bone, all trace of the 
nkl calcified curtilage having dia- 
ippeftred. It is probable that the hirge 
nltinacleated giant -celle termed **oe- 
;i»** by KOlliker, which are de- 
TiTed from the osteoblasta by the mal- 
tiplictttion of their naclei, are the 
agents by which the absorption of cal- 
ctOed cartilage, and sDhMiK]iient]y of 
fimbryouic spongy hone, is imrricd on 
ig. 55, o). At any rate they are 
almost always found wherever ahmir])- 
tion ii in pn^ress. 

Stagea 2 and 3 are precisely similar to what goes on in the growing 
aliaft of a bono a'hich is increasing ia length by the advance of the jiro- 
ecm of oiwiflcation into the intermediary cartilage between the diapbysis 
and epiphyeis. In this case the curtilago-cells become flattened and, 
rotiltiplying by division, are grouped into regular columns at right anglo« 
the plane of calcification, while the process of calcification extends 
Into the hyaline matrix between tluMn (Tlpf. fii und fi3). 

Stage 4.— Substitution of Periosteal Bone for the Primary 
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Embryonic Spong:y Bone. — The embryonic spongy bone, formed u 
above dcacribed, is simply a temporary tissue occupying the place of the i 
ftetal roiil of rartilago, once ro]in;i>entiug the femur; and the stages 1, 3, 
and 3 show the gaeeessivc changes which occur ai the etntre of the shaft 
Periosteal bone is now deposited in succeBsive Inyers bonnnth the perios- 
teum, 1.0., ut the circumference of the shaft, exactly as d«Kribed in tha 
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frivttlr alHKirbad. (KIulii >iul Nvblv tiuiilli.) 

section on "o&gification in membrane," and thus a easing of periostul 
bone is formed around the cmbr>'onic endochondral spongy bone: this 
ciUiirig is thickest at Die (H'utro, where it ie first formed, and thins out 
towanl each end of the shaft. The embryonic spongy bone is absorbed. 
itt) trat>ccuhe becoming gradually thinnL'd and its mt'^hua enlarging, and 
finally coaleBciiitr into one groat CHvity — the medullary cavity of the ehnft. 
Stage 5. — Absorption of the Inner Layers of the Periosteal 
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Booe. — The absor])tion of the eDdochoudra] 6p»Dg7 bono in now complete, 
and the medullary cavity is boundetl by periosteal bone: tbc inner layers 
this periosteal boiic are next absorbed, and the medullary cavity is 
■nshy enlargod, wlule the deposition uf bono Ijcnouth the pohostcutn 
ntinuw as before. The flnst-formed periosteal bone is spongy in char- 
ier. 
SUge 6.— Formation of Compact Bone— The transformation 
wpongy periustetU buue into compact bone ti* effected in ii manner 
ly flimilar to that which has been described in cunnectiun witli o.tsi> 
fioatioD in merabrane (p. 47). The irr«gnlahtiea in the walls of the 
wols in the spongy lione are 

»«b«orbod, while the ostoohlafita 
irhirh line them are dorelopcd 
in tnncentric bLycrs^ each layer 
in turn beoomiug oeeiQed till the 

mparstiTely targa space iu the 

ntra n reduced to u well- 
ed Ha<r«ni&D canal (Fig. 
57). \Vhen once formed, bony 
tiaime grows to some extent in- 
tentittally. as ia evidenced by 
the fact that the lacunic are 
rather further apart in fully- 
fonned than in young bone. 

From the foregoing descrip- 
tion of the derelopment of bone, 
it will be aeen that the common 
terms "o«ification in cartilage" 
•iid "oMiflcation in mombraue" 
«re apt to mislead, sinoe they 
aeem to imply two processes radi- 
cally distinct. The prooeu of 
oaificiitioo. however, is in oU 
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«3l»; g.» oJlitMl uikltoJ to M ditwibtaii <rny.> 



ODo and tUo same, all true bony tissue being formed from membnuie 
^pflricbondrium or periosteum); but ia the derelopnicnt of such a boiM 
as the femur, which may be taken as the type of 8o*caUed "oasificatiou in 
cartilage,*' lime-salts an? depo^te<l in the cartilage, and this calciQed car- 
tilage is gradually and entirely re-absorl»ed, being ultimately replaced by 
bone formed from tho pcrioateum, till in the adult structure nothing hut 
true bone is left. Thus, in tho process of "osBificatiou in cartilage," cal- 
cification of the cartilaginous matrix precedes the real formation of bone. 
We must, therefore, clearly distinguigh between ealeifiration and oattijira' 
UCh, The former is dimply the iuSHration of an uniiiml tiasuc with 
limo wJta, and is, therefore, a clmn{:e of chemical comi>o*)ition ratlier 
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than of stnictarc; vhile D«siScatioa is the formation of true bone— » 
tissue more comolex and more highly' organized than that from which it 
is derived , 

Centres of Ossification. — In all bones ossification conunencee at 
one or more points, termed "centrea of ossification. " The long Uhms, m 
e.ff., femur, hiimenim, etc., have at least three soch points — one for tii» 1 
oedfication of the »hn// or fitaphyms, and one for each articniar extremity 
or epiphysis. Besides these three primary centres which arc always pirs* 
ent in long bones, variona secondary centres may be superadded for th» 
ofldScation of different procrxses. M 

Growth of Bone.— lionea increase in lengilt by the advance of iho ■ 
process of ossification into the cartilage iniermodiale between the dia- 
physisand epiphysis. The increase in length indeed is dne entirely t»< 
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Flo. IB.—*. T>iiifftlui1tna1 MHTtinn of a hiimikn innl*r Wotb; e, miwnt; ef, deotlMi •> 
-pullxniTltr. (Oven.) 

H. TraiMntnwi wrtkm, Ttui lattt-n ImUfatn thn Munn ai In a 
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growth at tho two cnda of the ehaft. This is proved by inserting two 
pius iiit(> the Bhaft of a growing bune: uftcr sumo time thoir distance 
a])art will be found to be unaltered though tho bono has gradually in- 
creased in length, the growth having taken place beyond and not be- 
tween them. If now one pin he placed in the ahoft, and the other in th& 
epiphysis, of a growing bone, their distance Hjiurt will increase as the bon» 
grows in length. 

Thus it is that if the epiphyses with tho intermedinto cartilage be re- 
moved from a yoting bone, gi-owth in length Ja no longer possible; while the 
nntniml terminution of growth of a bone in length takes place when the 
epiphyses become united in bony ccnliiinity with the shaft. 

Increase in thicknt^s in tho shaft of a long bone, occurs by the depo- ■ 
rition of sticcossiTo layers beneath the periostcnm. 

If ft thin metal pinto l>o inserted beneath the poriostcnm of a growing' 
bone, it will goon be covered by osaoous deposit, but if it be put between the 
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flbrons and osteogenetic btyera, it will never become enveloped in bone, 
for all the bono is formed beuesth the latter. 

V Other varieties of oontiectiTe ttMoe may become oaaifiod, e.g., th« 
t«udou8 in some birds. 



ItiiiB 
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Functions of Bones. — Bonea fonn the framework of tUc body; for 
IB rhey an- littt-d by thtir Imrilnesa and solidity together with their coni- 
.tire Ughtiieiia; they serve both to protect iaterual orguns in the tmulc. 
mnd skull, und as lerera worked by miucles 
in the limbs; notwithstAnding their hard- 
neaft they posseM a considerable degree of 
elasticity, which often saves them from 
Iractnra. 
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The principal part of a tfloth, viz., </#»- 
tinf, is called by some a connective tissue, 
and on this account the structure of the 
teotb is considered here. 

A tooth is generally deecribed aa pos- 
naaiiig a erotcn, luek, vaUfang or fangs. 

The awen is the portion which pro- 
jects bejomi the level of the giim. The 
iwA- iit that conMrictecl portion jnet below 
llhe crown which is embraced by the free 
ftdge« of the gum, and the fanff includes all 
below this. 

On making a Inngitiulinal section 
throngh the centre of a tooth (Fi;;!*. US, 
60), it is found to be principally composed 
,of a hard matter, dentine or iron'; while 
the centre this dentine is hollowed out 
into a cavity resembling in general shape 
the outline of the tooth, and called the 
■|m//r cavity, from itA containing a very vascolar and sensitive little 
^uuflB, composed of connective- tissue, blood-vessels, and nerves, which is 
Hn]I»l the tooih-pulp. 

H The blood-veeaels and nerves enter the pulp through a small opening 
at tho extremity of the f»ng. 

Capping that piirt of the dentine which projects beyond tho level of 
the gum, is a layer of very hard calcareous matter, the mamfl; while 
afaeathing tho portion of dentine which is beneuth the level of the gum, 
to * layer of true bone, called the cemtni or cruetapeirom. 
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Fid. W,— FKotolw looih nt nt In dto. 
Vftrtlcai Mvtlm 1 DuuTi<-1u>iIi>lnit*- 

WkUnit kUiI |>*t«llelHlriw. 3 I'l-ti'inmllli 
fli^rv«n''a linra K (Vnoni i Prrk»- 

bono alMiwinie cmiaI tor Ihr Inh-rlor 
dMiMl wrrv kDd Tfn U trblvb «pv<«n 
nearlv cbvulor In trftosrvrae Mcttoo. 
(Waldeiwr) 
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At the ueck of the tooth, There the enamel and cement come into 
contact, each is reduced to an exceedingly thiu htyer. The coToring of 
emunel becomes tliicker m we approiicU the crown, and the cement as we 
approftch the lower end or apex of the faug. 

I. — Deiiiine. 

Chemical composition. — Dentine or ivory in chemical composition 
doMly rcsemblca bono. It contains, however, rather les.4 animal matter 
the proportion in a hundred parts being about twenty-eight <i»itnaiU> 
BcvoiUy-two of mrthy. The furmcr, like the animal matter of bone, may 
be resolved into gelatin by boiling. The cai-tby matter is made up chiefly 
«r calcium [>ho(tpliati.\ vith a siiiail portion of the curbomite, and traos 
of calcium fluoride and magnesium pliosphate. 

Structure. — Under the microscope dentine is seen to he finely cluui- 
neled by a multitudo of delicate tubt^fi, which, by their inner euda, com- 
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nck 60.— SecUon ul apuiiitmor Ihi^ ili^utltir (mil cvnkMit rrom tlip middle of Iberaol of an 
tootb. o, donUl tubuU rtmUylDK wul u-miJiiailtiK. wmvar ih^n Iti 4lir Lnu>nt1ol)ular<(WM>*aod 
wUtib KnDCvbBt r iauiu ble bone Ibl-uuM' ; (f, liiiitT lA.vtr nf Uitr t->-mri>l nitli numerotn dOKlf ■( 
flUWllctlUir. ouwrliijnn'frtDKiMiciC/, lacuur; y. ctui4ilii.'ulL x 3ao. iKaUlker.) 

mnnicate with the ;^n!p-c»vity, and by their outer extremitiea come mtfl 
contact with the umler part of the enamel and cement and aomeUmct 

even penetrate thorn for a greater or lese distance (Fig. CO). 

In their course from the pulp-cavity to tin? eurfaee of the dentine, thu 
minute tubes form gentle and nearly parallel cnrveg and divide and soV 
divide dichotonjously, but without much lessening of their calibre imtil 
thev arc approaching their peripheral tcrniinati»n. 

Pr<3m their sides proceed other exceedingly minute secondary canalt, 
which extend iulo the dentine between the tubules, and anastomose witli 
each other. The tubules of tlie ilcinline. the average diameter of which 
at their inner atiil largtT extremity is -i^aps of an inch, contain line pro- 
longatioiiH fn»m the tooth-pulp, which give th« dentine ii certain faint 
Montivoness under ordinary circumstances, and, without doubt, liave t* 
do also with its nutrition. These prolongations from the tooth-pulp ant 
really processes of the dentinc-cens or odanioblantf which are branched celli 
lining the puiji-ciivity; the relation of thcao processes to the tubnlea in 
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wliich they Uc being preciaely similar to tfiat of the proceasca of the bone- 
eorpnscles to the caiialiculi of bone. The outer portiou of the dentine, 
underlying both the cement and ouamol, foniis a more or Icea ilistiikct 
lycr termed the granular or interghhuUtr layer. It is characterized by 
the presence o( u uumbwr vl niiuute cell-liku cuvitieB, much more eloeely 
poclied thtiQ the Iticuu^ iu the cement, and commimicatiDg with one 
another and with the ends of the dentine-tubes (Fig. liO), and containina 
cells like bonc-corpnsclca. 

L IT. — Eiutmel. 

CSktmieat eompositioH. — Themiimd, which is by far the hardest por- 
tion of a tooth, is composed, chemically, of the aame elements that cuter 




Pin- ts. 

l.-^IUBMCctionof tbn ctuuntl ud tijMlief tfw dsnUa*. «. t-utliiiliu- nxii 
I mm, or oolumu witti tttma m luniiiw Ibsm and unwc ■U-in.': r, isnrcr favliioi la thi- 
cnaminlcu&w wiUi Ibn extnonttlwof mim of Utr- luhiiU lU). ■: an» iK^iUlkL'r j 
Tl«. n.— Eiuunel Aim*. A. rragmi^tii nml H<riKli> Qbm of Uir ■■ruunnl. tootalml hj tb» «ciii<n of 
krdiydilorte mUI. 0, wirfMe of ■ uhaU rratEuvent of ciuund, Hhowioir ctie faeioeoiukl ttmU ot tbo 

into the compoeition of dentine and bone. Its animal matter, however, 
wuouiil* only to about 2 or 3 per cent. It contains a larger proportion of 
lorganic matter and is harder than any other tissue in the body. 

fiy^-H/r/wr*.— Examined under the mici-osuope, enamel is found cora- 
poeed of fine hexagonnl fibrci (Figs. E>1, 62) j^ of an inch in ditmieter. 
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vrliich arc sot on end on the sorfaco of the dentine^ and fit into ooire- 
spondiiig depreEoioiu in the esunn. » 

'i'lif V rudiato in such n manner from the dentine that nt the top of tb» 
tooth they are more or Ie« Tertieal, while toward the sides they tend to 
the horixoutal direction. Like the dentine tubnlei, they are not vtraigfal, 
hut disposed in wavy and parallel curves. The fibres are marked by 

tntnsverBe lines, and are moetljr 
eolid. bnt some of them contain a 
vury niiniite canal. 

The enainel-jirismB arc con- 
nected together by a very minute 
quantity of hyaline cement-sob- 
Btauce. In the deeper part of the 
enamel, between the prisms, oj* 
small hnina, which commnuicate 
with the ''interglobular spaces" 
on the surface of the dentine. 

The enamel itself is coaled on 
the outside by a very thin calci- 
fied nicnibraue, sometimes termed 
the cutich of the euameL 

IIL— CVus/o PeiroBO. 

The erusta petrosa, or evmpn/'fl 
(Fig. 61), c, tl), is composed of tme 
hone, and in it are lncun« (/) and 
cuualieuli ((/] which sometimes 
oommtiuicatc with the outer Site- ■ 
]y branched ends of the dentine fl 
tubules. Its lamiute are as it wers 
bolte^l together by iwrforating 
fibres like those of onlinary bone, 
but it differs in possessing Haver- 
eiiin canals only in the thickest 
part. 

I)EVEt.OPMENT OP TbETH. 



Tio. S8.— SeoUonof Hwuiqw l""" "f " '"■t^ ■'>**P' 
A.— 1. MDunMi MUUTMl-v^rm Mpfittg Anvra mtn Tti<^ 
imMOUain«intinuti>; 2.|MU«tlfM<pr(icnMior J»«r. 8.— 
a*ctlMi«linilarb) A.tiut luuatnc tliroiurli one of ttui 
gnecittl «oain«-l-«*Tnui hriv hfvaininglMiik-diBpnl: c. 
r*, Kpltbrllum of moulds /. n«*: /", bod> of Kprrl«l 
Mumel-vnTD. C— AliLirrnaBr;c,miU)Dcof eiilihr>- 
Ihim of (pim: /. iwcfc <rf amta^frrra: P. rruutu-i 
onrnn: p. pmpIUm: «. clraUU mc (wniinK: / f, lti« 
MMinrt«cnn of wmMiMtit tooUi. (WnlArrif and 
KPUIker.} COfriMfromQualn'aAmtUiiiii'. 



Drt:t\opmmt of tht 7)tetb. — The 
first btep in the development of the 
teeth consists in a downward growth (Fig. 63, a, J) from the stratified 
epithelinm of the mucous membrane of the month, now thickened in the 
neighborhood of the niaxillaf which are in the ronrse of fornintion. This 
pncees pnsscs downward into a recess (enamel groove) of tho imperfectly 
developed tissae of which the chief port of the jaw conaists. The down- 




sTKicrriu; of the elemextakv tissuks. 
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into 



opitUelial growth fornu the pritnary ciuiMfl organ or enamtl gt^rrit, 
anil iu poHtioD ia imltciit«d by adight groove in the mucous membrane 
of the JHw, Tho uoxt 8t«p in the process contiste in the elongation down- 
wnnl of tho enamel groove and ol the enamel germ and the incliiuition 
ontffnril of the deeper pwrt (Fig. 6.'l,-B,y*'), which is now inclined at an 
angle with the upper (Hirtion or neck (/}, and hus become bulbous. After 
this, there is an inerwiaed development at certain points correspomling 
to Uio situations of the future milk teeth, and the ennmel germ, or com- 
<Don enamel g^rra, as it mny be atllcd. becomes divided st its deeper por- 

•n, or extended by further growth, into u number of gpocinl enamel 
gomu corresponding to each of the above-mentioned milk teeth, und con- 
nected to the common germ by n narrow neck, each tooth being phwed 
in ita own special receM in the embryonic jaw (Fig. 63, ^,ff)- 

A» these chungM proceed, there grows up from ilic underlying tisaue 

ito each enamel germ (Kig. 04, c, p), a distinct vascular papilla (deut4U 

fulla), and upon it the enamel germ 
nieA moulded and presents the ap- 
pcaimnfw of a cap uf two luyvrs of epi- 
thelium »u|>arat0d by an interval (Fig. 
63, c, f). Whilst part of the sub- 
epithelial tiraoe is elevated to form tho 
d«ntal papiltie, the pnrt which bounds 
the embryonic teeth forms tho dental 
«wt (Fig. G3, c, a): and the nidimcnt 
of the jaw. at tirst a bony gutter in 
which the teeth gertiis lie, sends up 
processes forming partitions between 
tho teeth. In this way small chambers 
are produced in which the dental sacs are 
contained, and thus the sockets of the 
teeth are formed. The papilla, which is really part of the dental wic, if 
one thinks of this as the whole of the sub-epithelial tissue surrounding tho 
enamel organ and inteqioeed between the enamel germ and the develop- 
ing bony jaw, is composed of nuclentcd cells aminged in a rneehwork, the 
ontcr or periphenil port being covered with a layer of columnar nucleated 
oeUs called odmiiobUu<t». The odontoblasts form the dentine, while the 
remainder of tho papilla formg the tooth-pulp. Tho method of tho for- 
mation of Che dentine from the odontoblasts is as follows: — The cells eloa- 
gate at their onter p«Tt, and these processes are diret^tly converted into 
the tnbnles of dentine (Fig. fi4). The continued formation of dentine 
proceeds by the elongation of the odontoblasts, and their subsoquont con- 
Tanion by a process of calcillcation into dentine tubules. The most 
recently formed tubules are not immediately culcificd. The dentine fibre* 
oonUined in the tabnlea are said to bo formed from prooosses of tha 



Fro SI— Partnf nMUmnf ik>v«lcipJiiirt«ith 
of & rotiiuc niL atinwijur Ui« uhnIp uT il«pQ«l- 
Uria <>r tfw> ilpntliv. llf||hl*' naxollWd. u, 
ouUTlariYDrrallrfflnBedanninf^: ft. uac*^ 
clfl((l nutriji with mo or two Mnliiln ol c«t 
cuuoiia matUr near U>p oaldllr^l puto: c, 
nlinilr.til«jilit M-iuUtig prmows lulu Utr Amt' 
Uiw: d. jniip ni' nxction h rtUBoi Ih ar- 
loliu.. vlui'li «>If>r* tha unfalcMnl matftx biA 
IKK thp ckldBea pwL (K. A. SetaSIw.) 
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deeper layer of odontoblasts, which are wedged in between the ceUs of 
the supcrlicia] loyor (Fig. 64) which form the tubules only. 

Since the jwpill* are to form the main (jortion of euch tooth, t'.d., the 
dentine, each of them early tukes the shape of the crown of the tooth it is 
to form. As the dentine increases in thickness, the pupillx diminish, 
and at last when the tooth ia cut, only a email amuuut of the papilla 
remains lU) the dental pnlp, and is supplied by vessels and nerves vhicU 
enter tit the end of the fang. The sliape of the crown of the tooth it 
taken by the corresponding papilla, and that of the single or double fang 

by tho Bubaequeut constriction be- 
low the crown, or by di^'iaion of the 
lower part of the papilla. 

The enamel cap is found later on 
to consist (Fig. 03) of three part«; 
(a) an inner membrane, composed 
of a layer of columnar epithelium in 
contact with the dentine, called pn/i< 
mel eellBj and outaidcof these one or 
mortf layers of small jwlyhedrul nu- 
cleated colla {straUim i»te/tiiedium 
of Hannover); (i) an outer mem- 
brane of severfl! hiyers of epithelium; 
(c) a middle membrane formed of a 
matrix of non-vascular, gelatinous 
tissue, containing a hyaline iniereti- 
tiaUuhstance. Tbeenamcl is formed 
by the enamel cells of the inner 
membrane, by tho oloDgation of 
their distal extremities, and the tli- 
rcct conrcraion of these procMBM 
into enamel. The calcification of 
the eniimel ]>roce8s&a or prisms takes 
place first at the periphery, the oen- 
tre remaining for a time transparent. The cells «f the stratum interme- 
dium are used fur the rugmiuratiou of the enamel cells, but these and 
the middle membrane after a time disappear. The cells of the outer 
membrane give origin to the cuticle of the enamel. 

The cfmetit or crunta petrosa is formed from the tissne of the tooth 
sac, the Btrncture anil function of which are identical with thoBO of the 
osteogottotic layer of the periosteum. 

In this manner the Urst set uf t«eth, or the milk-teeth, are formed; 

and each tooth, by degrees developing, pressea at length on the wall of the 

sac enclosing it, and, causing its absoqition, is cut, to use a familiar phrase. 

The temporary or milJc-teeth have only a very limited term of existence. 
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Tn. »,— Vcrtli-nJ [r)i[LKV>-i-~>' -.■.•limi of Ihe 
daitol UK, I)ULp. etv. ur n kUMi .1. ilmUll 
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of (l«t>t«I uw;. A \*. iTnltiraoli. ) 



I 



i 




6TEUCTURE OF THE ELEJIEKTARY TISSrES. 



61 






This is dne to the |rrowth of the permanent teolli, irhich push their way 
up from beneath, atworliing in tlieir jim^Gsa tho whole of the fang nf each 
milk-tooth and leaving at length only the crown m a mere elicll, which 
is shed to niaku way tor the erujition of the pernmuent tettb (Fig. GC). 
The leuiporarr teeth are ton ia each jaw, namely, four irwi^ors, two 
i«M, and four mfli/xrn, and are replaced by ten permanent teeth, each 
of which is dcvolopod iji a way almost exactly similar to the manner of 
deTelopment alreaily (leacribed, from a small prnccfw oi* aiic sot hy, so to 
speak, from the cnamol genu of tho temporary tooth which precedes it, 
and called the carifi/ of reserve. 

The number of [lermiuieiit teeth in each jaw is, however, increased to 811- 
teen, by the development of three others on each eide of the jaw after much 
tfae-same fashion a& that by which th$ milk-teeth were themselves formed. 




. M.— Part of tbe Imrer Jbr of u c^liilil >A tlinv cir Umr xenrt -old.alioiirliislbArf'tatloiuuf Uu? 
_ irr vid pcmuuicni icMli. Ttic uprcimcn (vniBln* all the tnlUc tcvtb of Xti» rlgttt bI')". to 
' iHili tli<^ iinHBtm of the M\ ; thr iiiiipr ulnlt- of Ihp Jtt>t ban bnui ranovnl. m> oh Iu rX[i>jM> IXw 
( o< all Uw n-miBDi-iit iwih nl tijp rirfii "Kl"". wtci'pi tbe richtti or vlxlam loolli. n-iucli b not j-t-l 
mL TIi«' Uryr nac rwnr Ihp awviuliiii; nuniiH (if Ihf Jkw iH Ui«t of Uie nr?>l prnuaiu'iit niolar, tuid 
I Biul behuuTit I* tLu ooniini.iic1iic nidlment of tbo Kvond molv. (Qujilii,i 

The beginning of the dL-velopmeni of the permanent teeth of course 
takes place long before the euifinrj of those which tbey are to sncce^d. 
One of the first steps in the development of a milk-tooth is the out- 
growth of a lateral process of epithcliul cells from its primitive enamel 
oiigiui (Fig. 63, c,/p). This epithelial ontgrowth ultimately becomes 
the enamel organ of thi>>per)niLrtE>nt tooth, and Ih indented from below by 
a primitive dental papilla, precisely as described almve. 
■ The following fommlu sliows, at a glance, the comparative arrauge- 
^ent and number of the temporary and permanent teeth:— 




Upper 



Mn. Ca. In. Co. Mo. 
a 1 4 1 3 =10 



( Lower 2 14 12 =10 



.=20 



i Upper 
Lower 



Mo. Bi. Ca. Id. Co. Bi. Mo. 
.321413 3=16 

3 2 14 12 3 = 16 



-=33 
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From this formnla it vrill be seen that tlie two bicuspid tocth in the 
adolt lire tlio successors of tlie two molars in the chilU. Thoy cUJIer from 
them, however, in some reapects. the tevipimiry molars having a stronger 
likencsa to the pe.rtnnnfitl than to ctioir immediate dc8c«ndiiiits, tht- i^o- 
calleil bicugpide. 

Thti lunipumry incisors and cunines differ from their succcssore bal 
little except in their smaller size. 

The Tollowing ttibles show the averago times of eruption of the Tem- 
porary and Permanent teeth. In both cases, the eruption of any given 
tootli of the lower jaw precedes, as a mic, that of the corresponding t<»oth 
of the upper. 

Temporary or ^Vr7jt- Te^h- 
Tiie llgaros indicate in month» th<9 ago at which oacn tooth nppeam' 

Molant. Caoinea. lucisors. CanincJi. Mol&ra. 
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PerTiiatunit Teeth. 
The age at which each tootli is cut is indicated in this table in years. 

Uolftrs. Bicuspid. Cnnincs. locisors. Canines. Blcusplil. Molar*. 



17 18 












Vi 11 


to to G 


10 9 


U tol2 


8 7 78 


11 to 12 


9 10 


a to to 


S5 13 












13 35 



The times of fernption put down in the above tables are only npproxi* 
mate: the limits of Tartation beinjf tolerably wide. Some children may 
cut their first teeth before the age of six montha, and others not till nearly 
the twelfth month. In nearly nil ciiaes the two central inciaors of the 
lower jaw (ire put first; tlioso being snecoeded after n. short inten"al l)y ihe 
four ineisorB of the upper jaw, next follow llie latend incisorB of the lower 
jaw. and so on as indicated lu the table till the completion of the milk 
dentition at about the age of two years. * 

The milk-teeth usually come through in batches, each period of eruj*- 
tion being succeeded by one of quiescence lusting sometime* serend 
months. The milk-teeth are in use from the age of two up tn five and a 
half years: at about this age tlic Brat permanent molars (four in nnmlKr) 
make their appearance Mtimi the mllk-moJurs, nnd for a short time the 
child has four jMirrnanent and twenty teinpnniry totftli in position nt ouee. 

It is worthy of now that from tlic age of five years to the shodding of 
the first milk-tooth the child has no fewer (ban forty-eight teeth, twenty 
milk-teeth and twenty-eiglit calcilied gcrma of permanent tetlh (all in 
fact except the four wisdom teeth), 
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blcedin;? on animfll to (loath, for then an indefinite qnantitrwonW remain 
in the vessels, as well as in the tigaues; nor, on the other hand, would H 
be po8sil>le lo obtain a correct estimate by less rapict bleeding, as, rinco life 
would be more jiralonged, time would W. ullowcc) for the paGsaf^ into the 
blood of lymph from the lymphatic res^tls tmd from the tissne^ In the 
foi-mvr caav, tliyrofort>, we should imder-astiuuite, and Ui the latter o 
estimate the total amount of the blood. 

Of the Bcvcral methoda which Imvf been employed, the moet accti 
appeara to be the following. A emull quantity of blood is taken from an 
animal by venesection; it is defikrinated and meaanfed, and used to malra ■ 
standard solutions of blood. The animal is then rapidly biwl to death, ^ 
and the blood whieli escapeu is collected. The blood-vosBcls arc nest 
waijlied out with water or saline solution until the washings are no longer 
colored, and these are added to the previously withdrawn bliXHl; lastly 
the whole animal is finely minced with water or ealine eolntion. The 
lluid obtained from the mincing? is carefully filtered, and added to the 
diluted blood previously obtaitiei], and llie whole is measured. Ths 
next Btep in the proocsa U the comparison of the color of the diluted blood i 
with that of standard solutions of blood and wat?r of a known AlK?n;;tli, 
antil it is didcovcrdd to what standard solution tho diluted blood corrc^ ^ 
spouda. As tho amount of blood in the corresponding standard (Tolntionfl 
it) known, iw well as tlie total quantity of dilutvd blood obtained from tho 
anitnal, it is easy to calcnlatc the absolute amount of hlootl which the 
latter contivined. and to this is added the small amount which vm wtth-fl 
dniwn to make the standard solutions. Tim gives the total amount of 
blooil which the animid contain'od. It is contriwtod with the Weight of 
tliB animal, provioualy known. Tho result, of many CKpcriments ahowt 
that the qtmntity of blood in various auimalB averages iS ^ iV ^f^ ^ 
total body wci)|Cht. 

An eetiraato of tho quantity in man which corroeponded nearly with 
tho above, was mado soyie years ago from the following data. A cri 
inal was weighed before and after decapitation; the difference in 
weight representing, of course, the quantity of blood wliieli eeoaped. 
The blood-vesaels of the head and trunk wore then wafhe<l out by the in- ™ 
jeotion of water, until the fluid which escaped had only a pale rod or stmirf 
color. This flnid was then also weighed; and the amonnt of blood which 
it represented was calculated by comparing the proportion of solid matter 
contained in it with that of the firat blood which escaped on decapitation.^ 
Two experiments of this kind gave precisely aiinilar results (Weber am 
Luhmaun.) t 

It should bo remembered, however, in connection with these cstima- 
tions. that the quantity oX the blood mnst vary, even in the saine animal, 
Ter>' considerably with the amount of both the ingesta and ^^sta of tho 
period immediately preceding the ex}>eriment; and it has been foond.< 
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1, tliftt the qnimtity of >iloo(l obtainnble from n Tasting; animal baroly 
loeeds b half of that which ie present eouii Aftvr a full triiiU. 
Coagulation of the Blood. — One of tbo most characteristic proper- 
'Upr wliich tho blowl poseofiscs is that of clotting or coaffulatini/. wh«ii 
rt-moTed from the body. Thia pheiiouienon may bo obeerved under tho 
most favorable conditioiu lu blood which hns been drawn into an open 
Tettel. In about two or three minutes, at the ordinary temperature of 
the air, the Hurface of the fluid is seen to become Bemi-solid or jelly-like: 
change next taking place, in a minute or two, at the sidea of the 
in vfaich it \a contained, and then extending throughout tlio ^ntiro 

The time which ia required for the blood to liecome eolid is about eight 

nine minutes. Tho Golid uiam occupies exactly tbo same volume as tho 

rioutly liquid blood, and adheres so closely to the Bideo of the contain- 



y 






Tu. >7.— IMIralum ot Rbrin. tnm k ilrop of hunuun blood, kfM- tjtwtaieiil with rt—nilM. 

iBaoriw.) 

|>tpi|0l that if it bo inverted none of its contonta escape. The solid 
^fr4fao cnuuuimenium <ir cloi. If the clot be watched for a few min- 
ites. drops of n light Etraw-colored fluid, the serum, may bo enon to make 
'^heir appearance on the surface, and, a& they become more and more nu- 
merous, run together, foruiiug tt complete superQciul etnitum atxpve the 
Dlid clot. At the name time the fluid begins to Irniisude at tho «idvs and 
the under anrfacc of the riot, which in tho rourse of «n hour or two 
in the liquid. The tirst drops of s«mm appear on tho snrface Ah<mt 
eleren or twelve minutes after the blood hiw been drawn; and the fluid 
^^wntinaee to transude for from thirty-six to forty-eight honriL 
^B The slotting of blood ia due to the development in it ofasabetance 
^^tSLtA fibrin, which appears aa a meRhwork (Fig. fiT) of fine Fibrils. This 
^niMbwork entunglcd and encloaes within it the binod eorpusclee, as r|nt- 
ting takes place too qniclcly to allow ibem to sink to the bottom of the 
pUsma- The flrst clot formed, therefore, includes the whole of the con- 
VoL. L-3. 
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stituentfl of the blood in an apparently solid maea, but- soon the fibrinoni 
raeahwork begins to contrnct, and thf scrum wliich doe* noi belong to ilii? 
<:loi is squeezed out. Whvti the nliole of tbc scrum has trtmauded, the 
■dot i« found to l»e gmalier, bnt firmer und htuder. us ic is now mode up 
■of fibrin and blood fjorjiuscles only. It will be noticed that coagulation 
TeiiiTiingea the confltituents of tbc blood according to the following scb 
liquid blood imng made up of pla^mii and blood^corjinscles, and clottod 
blood of serum uud clot. 
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Buffy Coat. — TTnder ordinary cireumstanws coagulation occurs. » 
we liKve mentioned above, before tlic red corpUBclcfl have had time to aub- 
aide; and tluiu from tlicir being entunglcfd in the meshes of the fibrin, tbo 
dot is of a deep red color tbroiighout, somewhat darker, it may be, at the 
most dependent pirt. from accumulation of red corpuscles, but not to any 
very marked degree. When, huwevor, coagulation is delayed from any 
oanso, as when blood is kept at u temperature of 3'2° F. (0° C), or when 
clotting is normally a slow proceiu, oi in the ca«e of horse's bluod, or, 
lastly, in certain diseas&d conditions of the b]oo4 in which clotting ie 
natnrally delayed, time is allowed for the colored corpuscles to sink to the 
bottom of the fluid, ^lion clotting docs occur, the upper layers of th« 
blood, being free of colored corpuscles and consisting chiefly of fibrin, 
form a superficial stratum differing in apjioaranco f rom the restofJJie 
clot, in that it is of a grayish yellow color. This is known as the '^buffg 
coat." 

Cupped appearaace of the Clot. — When the buffy coat has been 
produced in the manner jiiBt deflcrihed, it commonly contraotA more than 
the rest of the clot, f>n act'ount of the absence of colored corpuscles from 
its meshes, and becanso contraction is less interfered with by adhesion to _ 
the interior of the containing VE?sset in the vertical tluui the horizontal I 
direction. This producea a cup-like appearance of the buify coat, and the 
clot is not only biilTcU but cupjied on thesurfueo. The buffed and cupped 
appearance of tbo clot is well marked in certain states of tlio system, 
especially in inflammation, M-liere the fibrin- forming constituents are in 
ex'jess. and it is also well marked in chlorosis where the cor]^>uecles are 
deficient in quantity. 
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Tire BLOOD. G7 

Formation of Fibrin. — In describing the coagiUation of the blood in 
the preceding i>artignii>b8, it vrtU stuUnI that thiif [ibenuiiienou was due to 
^ttbedevfk'jinifiit in the riotting blood of a niesliwork of fibrin. This may 
^■be demondtmted by taking reeentij-drawn blood, and wbippitig it witb a 
^piiaddlo of twigs; the tibriii is found to adhf^re to the twiga ofl a reddish- 
* white, stringy mass, having be^ii ihuH obtainrtl from the fluid n{>arly frpOi 
from t!ulon*d corimscloa. The dolibriiiated blood no longer retains the 
power of HponUneons coagulability. 

The Abrin whieh makes its nppcamnce in the blood when it ii under- 
going coagulation is derived chielly, if not entirely, from the jJiiama or 
Pliqaor sungninia; for ultbough the colorless corpuscles are intimately con- 
nected with the process in b way which will be presently explained, the 
colored corpnscles apjtear to take no active part in it whatevnr. This 
may bo shown by oxiwrimenling with plaama free from colored PoqmBclcs. 
8ach plasma may be procured by delaying cougulatiun in blood, by keep- 
ing it at n low temporaturo, 32" F. (0^ C), until the colored corpuaclee 
which are of higher spccitlc gravity than the other constituents of blood, 
have had time to sink to the bottom of the coutaiuiug ves&el, mid lo leave 
mn upper stratum of colorless plasma, in the lower layers of which are 
Duuiy colorless corpuscles. The blood of the horse is specially suited for 
the porpoaes of this experiment: and the upper stratum of colorless 
plasma derived from it, if decanted into another vemel and exposed to the 
ordinary' teini>eniturD of the air, will coagulate jimt as thongh it wore the 
entire bliHxl, pnitliicing a clot similar in all respects to blood clot, except 
that it is almost colorless from the absence of red corpuscles. If some of 
tfaa pla«ma be diluted with neutral saline solution,' coagulation is de- 
layed, and the stages of the gradual furmation of fibrin may be more con- 
Tfenicntly watched. The riscidity which precedes the complete coagula- 
•tioa may be aeen to be dne to fibrin fibrils developing in the fluid — first 
of all at the circumference of the containing vesacl, and gradually extend- 
ing throughout the mass. Again, if plasma lie whipped with a bundle of 
twigs, the fibrin may be obtained as a solid, stringy mass, jnst in the 
mrae way aa from the entire blood, and the resulting fluid no lunger 
retwns its power of epontancons coagulability. Kvidently, therefore, 
fibrin is derived from the plasma and not from the colored coi-imsclee. 
In Iheae ex[>erimenls, it is not necessary that the jdasma ithall have been ob- 
tained by the process of cooling above de^-ri)>ed. as plMma obtained in 
any other wny, s.ff., by allowing blood to flow direct from the vessels of 
an animal into a vessel containing a third or a fourth of the bulk of tho 
blood of a saturateil solution of a neutral salt (preferably of magnesinm 
mlpbate) and mixing carefully, will answer tbo pur|>oise, and, just as in 
tbe oiber oasc, the colored corpuscles will subside, leaving tho dear super- 

' Kifutnil mUdv BolatloB commcMilr oonsiata of a '75 solution of commoa salt 
"urn cfahHldf) in water. 
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cup or two or more sutjsunce*. and that it is 
This view is based upon the following olwen-a- ■ 
I tho serous cavitii^e of the body in health, t.g.. 



stratum of (salted) plasma. In^ordor to cause this plasma to coagulate, 
it is tUM^csear)* to get rid of the Ealts by tUalvsiSj or to dilute it with aerend 
times its bulk of water. 

The antecedent of Fibrin.— If plasma bo saturated with mUit 
inugiit<eium sulpbatt* ur bodiiim cbloridL', u white, eticky prociptdiU', 
cidk'd plasmine, is thrown down, aft«r the removal of wliich, by liltnitlon, 
the pla«niii will not spontane^mflly coagulate. Th\B plamtitu is soluble 
in dilute neutral saline solutions, and the solution of it speedily coagn- 
]at«B, protludnji; e. ttlot composed of librin. I'rom this we see that blood 
plasma contains a substance without which it cannot coajfulate, nnda 
solution of which h »puntiiTU'ons]y cuagulable. This substance is ve-ir 
soluble in dilute saline solntion^. and is not, therefore, fibrin, which is 
iusolublo in these fluirls. We are, therefore, led to the l>elief that plne- 
mino produces or is convert^ into fibrin, when clotting of fluids coutain- ^ 
ing it takes place. B 

Wature of Plasmine. — There eeem« distinct evidence that plasmine 
is a coiiipttund b<Miy made up of two or more substances, and that it is 
not mere soluble fibrin. 
tions: — Tliere eiiats in all 

the iierieardium. the peritoneum, and the pleura,, a cortiiin smtill ninonnt 
of transpiircnt fluid, generally of a pale straw color, which in diseoaed 
conditions may be greatly increased. It souiewbat resembles scrum in 
appearance, but in reality tiiffers from it, and is probably identical wiili 
plasma. This serous Huid is not. as a rulv, Hpvntaneously coagulable. bat 
muy be made to clot on the addition of senim, which ia alao a Huid which 
has no tendency of itself to coaguhite. The riot produced consists of 
fibrin, and tho clotting is identical with the clotting of plasma. From 
the serous fluid (that from the inttauied ittnt'cu rnyinalis testis or hi/i/rocrie _ 
fluid is mostly used) we may obtain, by snturating it with golid ntftg<«fl 
nesium sulplmte or sodium chloride, a wliile visci<l substance as a precipi- 
tate which is called jibrinogen, which may bo separated by filtration, and 
is then capable of being disaolved in water, as a certain amount of the 
neutral siilt is entangled with the precipitate sufficient to prodricea dilute 
saline solution in which it is soluble. This body belongs to the glofivUtt- 
chiBB of pmteid subBtunccs. Its solution has no tendency to clot of ttsetf. 
Fibrinogen may nlso he obtained as a viscid precipitate from hydrocele 
fiuid by diluting it with wiilitr, aud passing a brisk stream of carbon 
dioxide g;)s through tho solutioa. 2how If serum bo added to a solution 
of fibrinogen, the mixture clots. 

From serum may be obtained another globulin very similar in pro^jer- 
ties to fibrinogen, if it he suhjerted to tivatment similar to either of the 
two methods by which fibrinogen is obtained fram hydrocele fluid; this 
tubstanco is called paraffhbtth'n, and it may t* separated by filtration md 
dissolved in a dilute saline sutution in a manner sinuLir to fibrinogen. 
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If the solutiona of fibrinogen and poraglobulin be miicd, the mixture 

cannot be dlsiingtiisherl from a solutimi of ptasmine, and like thut solu* 

tion (in a grvjil iimjnrity of cases) firmly t-Ints; wIilmvuu a niixtiiro nf iiw 

I liydrocele fluid and Bcrum. from which thev havo been respeciivoly taktii, 

I no longer does bo. In addition to this evidence of the compound nitturo 

of plaaiuine, it may be further shown that, if snfficiont cure bo tiiken, 

botli fibrinogen and pamglobiilin may he obtained from plasma: libi-in- 

1 ogen, aa a flaky precipitate, by adding carefully 13 per cont. of crystalline 

^■Aodinm chloride: and after the removal of fibrinogen from the plnstna hy 

^nikmtion, ]tamg1obulin may be aftonrard prceipitAted. on the further 

^■addition of the »ime salt or of magiiosiuin sulphate to the Hltmte. It is 

^^ evident, therefore, thai botli tlieeo subKinncca tnuht lie thrown dovm lu- 

p>ther when plasma i^ saturated with Bodiuni chloride or magnesium eul- 

' phate. and that llie mixture of the two corresponds with plaamine. 

Presence of a Fibrin Ferment.— So far it liaa been shown that 
plftMNtiut, the aniex'edent of fibrin in blood, to the possession of which 
bhMul owea it« power of coagnlntiiig, is not a simple body, but is comjweed 
of at least two factors — viz., fibrinogen aTid paruglobidin: there is renson 
for belieTing that yet another body is associated with them in ptnemine 
td proiluco coagulation: this is what is known under the name of fihria 
ferment (Schmidt). It was at one time thought that the reiuion why 
hydrocele fluid coagulated when »^rum wae added to it was tliat the lattiT 
fluid supplied the paraglobulin which the former lacked; this, however, 
I b not the case, as hydrocele does not lack this boily, and if jiaraglobulin, 
^■obtained from semm by the carbonic acid method, be added to it, it will 
^H not coagulate, neither will a mixture of solutions of fibrinogen and porm* 
^f ginbiiliii obtainetl in the someway. Hut if ]karaglobulin. obtained hy 
the saiumiioii method, be added to hydrocele fluid, it will clot, as will 
aIso, as we have seen above, a mixed solution of fibrinogen and parsr 
globulin, when oblaintxi by the saturation method. From tliii it ts evident 
^^ihat in plasmiue there i« something more than the two bodies above men- 
^■tioned, and that this something is precipitated with the panglobalin by 
^■Itie Mturation method, and is not precipitated by the carbonic acid 
^■mothotl. The following experiments show that it is of the nntnrc of a 
^Vtament. If defibrinaUHl bJiiod or i^rtim Im' kept in n stopjiered lx>ctlo 
with its own bulk of alcohol for »>me weeks, all the protoid matter is pre- 
cipiiatei] in a coagulated form; if the precipitate be then removed by 
flltration, dried over sulphuric iicid, finely powdered, and then susjiended 
in water, a w^atery eKtravt may be obtained by further filtration, contain- 
ing extremely little, if any, proteid matter. Yet a little of this watery 
•xtr&ct will determine coognlation in fluids, cy., hydrocele fluid or 
diluted plasma, which are not spontaneouMy (-■oogulahle, or which cuugn- 
Iftte tlovly and with diffirnlty. It will aUo cause a mixture of fibrinogen 
ami panglohQliD, obtained by the carbonic acid method* to clot. This 
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watery extract uppears to cgntain the body which u precipitated with the 
paraglobnlin by the gaturalion method. Its active properties are entirely 
destroyed by boiling. Tha aniouiit of the extract addud doca not inJlu- 
ence the amount of the clot formed, but only the rapidity of ctottiug, and 
moreover the active enhstanco contained in the extract evidently dots not 
form ]ittrt of the ulot, tus it nmy be obtaiiipi] from the ficriim after blood 
has clotted. So thut the third factor, which is contained in the aquootu 
extract of blood, belongs to that class of bodies which promote the niiicn 
of otlior bodies, or caiigc chaiigua in othyr boilies, without thcmscUes 
entering into union or undergoing change, i.e. ferments. The thinl sub- 
stance htw, therefore, received the uv^mG fibrin ferment. This ferment 
is developed in blood eoon after it has been shed, and it« amount appear* 
to increase for a certjiin time afterward (p. 7+). 

The part played by Paraglobulin. — So fai- we have seen that 
plaemine !» a body composed of tliree BiibetanceB, via., fibrinogen, para- 
globnlin, and flhrin ferment. The rjuoKtiim presents ii^^clf, are tbeae 
throe bodicB actively concerned in the formation of fibrin:' Here we 
oonie to a point about which two distinct opinions prevail, and which it 
will be necessary to mention. Schmidt holds that fibrin is produced by 
the interaction of the two proteitl bodies, viz., fibrinogen and para- 
globulin, brought about by the presence of a special fibrin ferment. Also, ■ 
that when cojignlation does not oconr in serum, which contains para- 
globulin and the fibrin ferment, the non-conguktion is accounted for by 
luck of fibrinogen, and when it does not occur in fluids which contain 
fibrinogen, it is due to the absence of paraglobutin, or of the ferment, or 
of both. It will be seen that, accoi'diug to this view, paruglolmlin lias 
a very important fibrino-plastic property. The other opinion, held by 
Hammersten, id that pamglubuliu i» not an esseutiiil in coagulatiou, or 
at any rate does not take an active part in the process. He believee that 
paraglobnlin possesfies the property tn common with many other bodies 
of combining with — or decomposing, and so rendering inert— certain 
substances wiiich have the power of preventing the formation or ppecipt- 
tfttion of tibrin, thin power of preventing coagulation being well known 
to belong to the free alkalies, to the alkaline carbonates, and to certain 
salts; and he looks upon fibrin as formed from fibrinogen, which is either 
(1) decom|)osed into that auljatanpc with the production of some other 
substances; or {'Z) bodily converted into it under the action ol a ferment, 
vhich is frequently precipitated with paraglobuUn. 

Influence of Salts on Coag^ilation.— It is believed that the pres- 
ence of ji certain but small amount of siilts, espopially of sodium chloride, 
ia necessary for coagtdation, and that without it, clotting cannot lake 
place. 

Sources of the Fibrin Generators.— It has been previously re- 
marked that the oolorlesB corpUBcles which are always present in anmller 
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or gTMfcer nambeTS In the plasma, even -when this Itas been freed from 
colored corpiucles, have on important share in the production of tho clot. 
The proofs of this may be brietlT summnrized as follows: — (1) That ull 
strongly coagiiliible fluids coiiuin colorlpes eorpuseka almoet in direot 
proportion to theircoflgnlability: (2) Thiit clots formed on foreign bodice, 
•ach as necdlee inserted into the interior of living blood-vceselfi, are pre- 
ceded by an aggregation of colork^s corpuscles; (3) That platinia in 
which the colorless corpuscle* happen to be scanty, clots feebiy; (4) That 
if hone's blooil be kept in the cold, so that the corpuscles subside, it 
will be found that tho lowest stratum, contnining chiefly colored cor- 
puscles, will, if removed, clot feebly, as it contains little of the librin 
factors; whereas tho colorless phiarau, especially tho lower layers of it in 
which the colorless curpusolee are most numerous, will ctot well, but if 
filtered iti i\w c^jM will not clot so well,, indicating 'hat when filtered 
nearly free from colorless corpuecles even tho plasma doeH not contain eufil- 
iunt of alt the fibrin factors to produce thorough coagnlation; (5) In a 
dnip of cougulatiug blood, obeerrcd under the miscroscopo, the fibrin 
fibnU are seen to start from the colorleae corpuscles. 

Although the intimate connection of the colorless corpuscles with the 
praoeM of coagulation seems indubitable, for the reasons just given, the 
emot share which they bav^ in coutrihiiting the viu-ious Hbriti factors 
remains still uncertain. It is generally believed that tho fibrin-ferment 
at any rate is contributed hy tliem. inasmuch as the quantity of this snb- 
atanoe obtuiimble from ])Iasina hears a direct relation to tho immliera of 
ooIoiImb corposcles which the pla^Dia coutuins. Many believe that the 
r^brinogen alao is wholly or in part derived from them. 
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Conditions affecting^ Coagulation. — The coagulation of the Hood 
is hastened by the following means: — 

1. Moderate warmth,— from about 100° to 120° F. (37-8— 4^" C). 

2. Rest is fuvorablo to the coagulation of blood. Blooil. of which the 
vholo mass is kept in uniform motion, as when a cloeed vessel completely 
filled with it is constantly moved, coagulates very slowly and imper- 
fectly. 

8. Contact with foreign matter, arid especially multiplication of 
the points of contact. Thus, coagulated fibrin may be quickly obtained 
from liquid blood by stirring it with a bundle of small twigs; and even 
in the living body tho blood will coagulate upon rough bodies projecting 
into the vessels; as, for example, upon threails ptutseil thmcigh them, or 
upon the heart's valves n^mghened by inQammatory deposits or calcareous 
aoettmnUtions. 

1. The free access of air. — Cougulation is quicker in shallow than 
tall and narrow vesM^lif. 
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5. The addition of less than twice the bulk of water. 

The bItKKl I»»t (irawii is «uil to cuapiiUte more quickly than the firet 
The coagiiliLtioii of the blood is retarded, suspended, or prevented 
ty the foUowing m(?»nB: — 

1. Cold retards cocigulation; niid bo long as blood i» kept atat«m- 
-penittirt', 32" F. (0° C), it will not cnuKtilate at all. Freezing the Wood. 
of course, prevent* its coagulation ; yet it will coagulute, though not firmlv. 
if thuweU afttfr bulng truzen; tuid it will do bo, even after It lias been fmiteti 
for eoveral mouths. AlilglKsi-teiuiH^mtui-vtliaiilifO" F.(49''C,) retards cosg- 
uhitiuu, or, by coagulating the albumen of the stTum, prevents it altogt-tbt-r. 

2. The adiiiiion of water in ^eater proportion than twice the 
bulk of the blood. 

.T Contact with living tissues, and esjiecially with th& iulenor 
of a living blood-vease!. 

4. The addition of neutral salts in the proportion of 3 or 3 per 
cant, and u])wurd. Wht^ii iuh\vf\ in large proportion tnue^t of those saUne 
substances prevent ooaguhitian ultogothcr. Coagulation, hoveTer, ensues 
ou dilution with water. The time during which blood can ho thus pre- 
serred iu a Ii4uid stat« and coagulated by the addition of water, is qtut< 
indefinite. 

5. Imperfect Aeration^ — as in the hlood of those vho die by a>* 
phyxia. 

i>. h\ inflammatory states of the system the blood coagulates 
more slowly although nioi-e firmly. 

7. Cuagiilutioti is retiirdtHl by exclusion of the blood from the 
air, 'as by pouring oil on the surfaec, etc. In vac^uo, the blood cunguIatM 
quickly: bnt Lister thinks that the rapidity of the process is due to the 
bubbling whi(;h eiieue? from tlie «8cu|>e of gas, and to the blood being 
thus brought more freely into contact with the containing veeaeL 

8. The rii:i2iiliitioii r>f the bhuul ih pmvunt^^d altogether by the ad- 
dition of strong acids and caustic alkalies. 

9. It has been believed, and ehielly on the authority of Hunter, that 
after certain modes of death the blood does not coagulate: 
he enumerates the death by lightning, over-exertion (us in animals hunted 
to death), blows on the stomach, lits of anger. He auys. "I hare Been ■ 
instancee of them all.*' rJiiubtk-»i hn had done so; bnt the rosulta of sudi 
events are not constant. The blood has been often observed coagulated 

in the bodies of animals killed by lightning or »n eleotriu shook; and 
Gulliver has published instances in which he found clots in the hearta 
of hares and stags hnnt«d to death, and of cocks killed in fighting. 

Cause of the fluidity of the blood within the living body.— 
Very closely connected with the problem of the aijifrnhuion of the blood 
arises the question.— why does the blooil remain liquid within the living 
body? We have ceriaiu ])nthologicul and experimental facts, apparently 
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oppoeod to one anotber, which bear npoD it, and these may be, for the 
sake of ulearneoB, ohuwU under two heads: — 

(1) Blood K'tY/ coagulate wUhin the living body iindsr certain condi- 
tt0n4r — for exam])le, on ligaturing an artery, wlioreby the inner and mid* 
die coats are geucmlly riiptnrBd, a clot viU form within it, or by piissing 
a needle through the coate of the veusel into thu blood stream a elot will 
pradtmlly form ujwn it. Other foreifin bodies, e.g. wire, thread, etc., 
produco the same effect. It is a well-known fact that small clul« are sj)t 
to funn n{)on the roughenetl edges of the valves of the heart when the 
roughnoea has been produced by iuSammation, as in cudoctuditis, and it 
is also ecjiially true that aneurtsmtf of arteries are sometimeH Kpontani'utitily 
cured by the deiKwition within them, layer by layer, of fibrin fmni the 
blood stream, which natural cure it is the aim of the physician or surgeon 
to imitate. 

(i) Blood mil remain liquid under certain conditions outside the hwftf, 
without the addition of any re-agent, even if exposed to the air at the 
wdinory tempcratura It is well known that blood remains fluid in the 
body for wmo time after death, and it is only ultur rigor mortis! hues *tc- 
carrod that the blood is found clotted. It has been demonstrated by 
Hewaon, and also by Lirter, that if a larcre vein in tho horae or similar 
animal b* ligatured in two places some inches apart, and after some time 
be opened, the blood contninml within it will be found fluid, and that 
fXMgalation will occur only after a considerable time. But this is not 
dae to occlusion from the air simply. Lister further showed that if the 
rein with the blood cotitainefl within it bo removed from the body and 
then bo carefully opened, the blood might bo poured from the roiu into 
another similarly prepared, as from one test-tubo into another, thereby 
suffering free exposure to tho air, without coag^ilation occurring a« long 
ad Uio Teeaels retain theli- vitality. If the endothelial Jinint; of the vein, 
bomrer, be injured, the blood will not remain liquid. Again, blood will 
Rinain liquid for days in tho heart of a turtle, which continues to boat 

a rery long time after removal from the body. 

Any theory which aims at exphiining tho fluidity under the usual 
'oonditions of the bluod within the living ho>ly must reconcile tho alMivc 
apjurvutly coutrudictury facts, and iuu^t at the same time be made to in- 
clodo all the other known facta oonceming the coagulation of the hloml. 
We may therefore dismitis as infuffloient the following; — that coagulation 
ts due to exposure-to the air or oxygen: that it is due to tho cesjtation (if 
thft circulatory movement; that it is duo to evolution of rarious gasee, or 
to the loss of heat 

Two theoriee, tfaoee of Lister and Brncko, remain. The former sup- 
poaM that the blood has no natural tendency to clot, but that ita ooagttla- 
tion out of the body is duo to the action of foreign matter with which it 
happens to bo brought into coutoct. and in the body to conditions of the 
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tissues which canee them to act toward it like foreign matter The lat- 
ter, on thu othi3r liaiul, euiijKwos that tboro ie a natural ttiuilcucy on tlie 
piirt of the blood to clot, but that this is restrained in the living body 
by some tahibitory power re«ideut in the iralU of the containiug vessek. 

Sapport was once thongfat to be given to Brficke'a and like tlieom'S 
bjr cases of injnry, in which blood extniraftatc-d in the living bmlv haa 
seemed to remain uncoa^ilatcd for weeks, or even months, on account of 
its c-r>ntact with living tissues. But ilie sup^msed facts have been shovn to 
be without foundution. The blood-like fluid in such caaes is not uncoag- 
ulated blood, but n mixture of serum and blood-corpuBcIeSr with a certain 
pro|jorti<jn of clot in various stages of diflintegration. (Morraut Babur^ 

Ae the blood must coutiun tho eubstancee from which fibrin is furniei), 
and ait the re-arr»ngenient of these substances occura yen' quickly whco- 
ever tho blood is ehed, so ili»t it is somewhat difliciilt to prevent coagula- 
tion, it seems more irasonable to hold with Brilcke, tha*- the blood has a 
titronj^ tendency to clot, rather than with Lister, that it has no special 
tendency thereto. 

It has been recently su^etted that the reason why blood does not 
ooagnlate in the living vessels,, is that the foetors which we have seen are 
necessary for the formation of fibrin arc not in the exact state reqntrsd 
for its production, and that the fibrin ferment is not form«d or is not, ai 
any rate, free in the living blood, but that it is produced (or set free) nt 
the moment of coagulatinn by the disintegration of the colorless corpuscles.. 
This supposition is certainly plausible, but if it be a true one, it must b« 
aaanmed either that the livinj; hlnod-vestels exert a restraining influence 
npon the disintegration of tho corpuscles in sufficient numbers to form a 
dot. or that they render inert any small amount of fibrin ferment whicih 
may have been set free by tlic disintegration of a few corpuscle^;; as it is 
certain that corpuscles of all kinds must from time to time diaint^'grmte 
in the blood without causing it to clot; and, secondly, that shed and M 
defibrinatod blood which contains blooil corpuscles, broken down and diis- ' 
integrated, will not, ivhen injected into the vessets of an animal, produce 
clotting. There must he a distinct difference, therefore, if only in 
amount, between the normal diaintegmtitin of a few colorless corpuscles in 
the living uninjured blood-vo»u^>lFi an'd the abnormal disintegration of a 
large number which occurs whenever the blooii is shed without suitable 
precaution, or when coagulation is uni'estrained by the neighborhood of 
the living uninjured blood-vessels. 
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The Blood CoBprscLE-s or Blood-Cells. 

Tliere ore two principal forms of corpnscles, the red ftud the whit£, 
or, as tliey are now frequently named, the colored nnd the colorless. 
In tho moist state, tho red corpuscles form about 45 per centw by weight, 
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the wholo mnsi of the blood. Tho proportion of colorleM oorpusdes 
\U only u 1 U) 500 or 600 of the colored. 

Red or Colored Corpuscles. — llumiu) red blood -corpusclea are 
circttlar^ biconcave Uiaka with rouiitU'd ciif^ca, from ^jLj^ to j^ju inch iu 
duiRteter, and x^hm ^'^^ >" thickness, becoming ftat or convex on nddi- 
tinn of water. When vkvred siuglv. (bey appear of u pale yellowish tinge; 
\\hc deeji rud color wliich tbey give to tW blix»cl being obsenable in tliciu 
[only when they are Been en mafme. They arc composed of a colorle«a, 
itmctiirelcn, und tnuuparent filmy frAmework or tinma, inBltmt^d in 
all parts by ii ro<l coloring matter termed hmmoijhbin. Tho slmma U 
toagh and elastic, so that, m the coIIb circulate, they iidmit of clongntion 
and other clmnges of form, in aduptaticn to the vcisels, yet recover their 
natural diaiio lui 80uii us Dicy uaape from compression. The term cell, 
in the suuee of a bag or sue, ie iniippiicuble to the red blood corpus- 
cle; and it must be considered, if nut 
•olid throughout, yet a£ Imviug uoauuh 
rarioty of consistence in different parts 
as to justify the notion of its being a 
membranous sao with fluid contents. 
The stroma eiit^is in nil ])arf ji of ite sub- 
stance, and the coloring-matter uoi- 
formly pervades this, and is not merely 
snrroundeil by und mcclumii-jilly en- 
clfMcil within the outer wall of tho 
oorpnscte. The red corpuscles have 
no nuclei, althongh, in their usual state, 

the nnequal refraction of tranfimitted p».aB.-RrttrQrTii~i«it.fwii«Mix. At 
light givee the appearance of a central »--■«*'•" '"'^>' «>t«-^ 
spot, brighter or darker than the border, accorrling as it is viewed in or 
oat of focaa. Their Bfieeific gravity is about 1088. 

Varieties. — The red corpnacK-s are not all alike, some being niihcr 
larger, jioier, and le«s regular than the majority, and sometimes Hat or 
■lightly convex, with a shining purticlo apparent like a nucleolus. In 
almost every specimen of blood may be also observed a certain number of 
corpnsclM smaller than the rest. They are termed microcgtea, and aro 
probably immature corpuscles. 

A {leculiar property nf the red corpnsclefl, exaggerated in inflammatory 

» blood, may be here again noticed, i.e., their great tendency to adhere to- 
gether in rolls or columns, like pilM of coins. These rolls quickly fasten 
together by their cuds, and cluster; so that, when the l}l(H>d in spread oat 
thinly on a glass, they form a kind of irregular network, with crowds of 
corpnacles at the several points cornsponding with the knots of tho net 
(Pig. 68). Hence, the clot formed in such a thin layer of blood looks 
, mottled with blotches of pink upon a white ground, and m a larger quan- 
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titjr of iBch Uood bdp, faj the ooueqnent r^ud gnhndcnctt uf tbe cor- 
pasclat, in th« fomuUion of the haBy eoat ilvuidy referred to. 

Thii tendencT on the part of tho red eaqnadea, to fonn rooleaax, if 
probftblf onlj a phyucal pbenomenoo, eompwrnble to the collection into 
aomewhat similar roaleaax of diace erf onki when thejr are partially im- 
mezaed in water. (N'orris.) 

**— »»-fc VMa. an<lli« AmpbfUv FMl 
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' The nbovc illnstratfnn i« aompwhai altered from a drawing by Gulltver, in th« 
Proceed. Zonl, H«4ot]r, ttnd cxhibil* ihr lypica] rhfinw^lcrw of llir ml MdcmI-cvIIb in the 
niiiin lUrinidnx of tlio Vertolimtn. Th« fruclions arc tliuw of au lucli, and reprir^vut 
'the u^'enigo diamelin'. Id Ihe caw of the oval cellii, only the Ions diameter is berv 
KItod. It Is rcmarknble. llinl ultLougb ihi- •^izc uf tbt nnl bluud-i'c-llB rarica »o much 
to lljf dilTcrcnl 4:Iaw^w of the vfrtdiratr kin;pinm. tlmt of the while f^rpUAcka rt- 
maina fomparnilvcly uniform, and tlius liicy are. In Bomc nnlmala. much greater, in. 
othon much Icm ihan th« r«d efirpusc'tM csisiing side by aldo wiib tbem. 
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Action of Reagents.— Considerable light has beea thrown on tho 
thjBical and chemical constitution of red blood-ceUs bjr studying the 
Accts produced by inechauical moans aud by varione reagent*: the fol- 
owing is a brief sOmniary ot ihwn* r<ea<rtions: — 

b Pre**nre. — If the red blood-cells of a frog or man arc gently sqncezcd, 
BBjr exhibit a wrinkling of the 6iirfiii;e, wliich dearly tmlit'ate» ihat there 
B a SDpcrficial pellicle partly differentiated from the softer mass wilhin ; 
ignin, if ft DMdlo be rupidly drawn across o drop of blood. Bcveral cor- 
macles will be found out in two, but this ift not accom]ianied by any et^- 
«po of cell contents; the two halvlb. on tho contrary. as«umc a rounded 
'orm, proving clearly that the corpuscles are not mere membranoua sacs 

rh fluid contents like fat-celU- 
Flmd$. — Water. — Wlien wat*r is added gradually to frog's 'blood, the 
iTfil disr-Hhapod rorpuifcles become spherical, and griwlually discliarge 
heir hirmoglobin> a pale, tnuuparent stronui being left behind; human 
ed blood>cclla change from a diacoidid to n spheroidal form, and dis- 
ihargtitheircell-contenta. becoming quite transparent luid all but invisible. 
SaUn« solution (dilute) produces no appreoiahle effect on the red 
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ilood-cctlsof the frog. In the red blood -cells of man tho discoid sha[)c is 
txchanged for a spherical one, with spinous projections, hkc a liorso- 
!ihestuut (Fig. TO). Their original forms can be at once restored by the 

rof carbonic noid. 
Acetic acid (dilute) causes the nucleus of the red blood cells in the 
Erog to become more clearly defined; if the action is prolonged, the nn- 
*leiu beooines ninnigly gninulate<l, and all tho coloring matter seems m 
Iw conoentmted in it, the surronndiug cell-substunco and outline of the 
sell becoming almost invisibto; after a time the cells loee their color alto- 
Evther. The cells in tho figure (l'*ig. 71) represvni the successive stages of 
the change. A simitar loss of color occurs in Ibc red cells of human blood, 

rich, however, from the absence of nuclei, seem to disappcitr entirely. 
AlkiiU*4 cause the red blood-celts to swell and fnuilly disa|>peur. 
C%Zon>/orm added to the red blood-cells of the frog ruusvs tliem to 
put with their hicnioglobin; tho stroma of the colls becomee gradually 
broken np. A similar eiTect ia produced on tho human red blood-ceil. 

Tannin. — When a i |)er cent, solution <if tannic acid is applied to 
rrog's blood it cniues tho appearance of a sliarply-dntluKd little knob, pro- 
[eeting from the h«e Enrfocc: the coloring matter becomes at the same 
liine concentrated in tho nuclous. which grows more distinct (Fig. T'2). 
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A Botocwhat similar effect is prodneed on the hnnuui red UocmI-cpIL 
(Boberts.) Magenia, when applied to the red blood-ceUs of Iheilrog. 
prodncea a similar little knob or knobe, at the aune time ataiiiing tlii> 
nucleoE and coiuuig the discbarge of the hsmogiobin. (Bobcrta.) The 
fint effect of the magenta is to uaiue tb« dischai^ of the Usemogloliio, 
then the uucleus becomes goddenly stained, and )ast]r a finely gnuiiUof 
matter iMues through the wall of the corpuscle, becominj; stained by the 
magenta, and a macvlit \s formed at the point of escape. A similsr 
macnla is produc{>d in the human red blood-celL 

Horaeic acid. — A 2 per c<?nt. solntlon applied to nncleated red blood- 
cells (frog) will canse the coaoentration of all the coloring matter in tlie _ 
nacleny; the colored body thns formed gradaally quits its ccntml poaition, I 
and comes to be partly, sotnetinice entirely, pniimdei] from the surface 
of the now colorleee cell (Fig. 73). The rcsalt of this experiment led _ 
Briicke to distinguish the colored contents of the cell (tooid) from it* ■ 
colorless stroma (uecoid). Wlieu applied to the uou-uucleated nmmmuliiui 
corpuscle its effect merely resembles that of other dilate acids. 

Oa»e9 — Carbonic add. — If the red blood-cclls of a frog )« first expoeed 
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to the action of water-vapor (which renders their ontcr 
rewlily pernumble to gases), and tlicn acted on by carbonic acid, the 
nuclei inuiicdiately become clearly defined uud strongly gnmulated: vben 
air or oxygen is admitted the origiuiJ appearance is at once reatored. 
The upjrer and lower cell in Tig. 74 show the uffect of carbonic acid; the 
middle one the effect of the re-admission of air. These effects con be 
reproduced five or six times in succession. If, however, the action of the 
carbonic acid be moch prolonged, the granulation of the nucleus becomes 
permanent; it appears to depend on a coagulution of the paraglobnlin. 
(Strieker.) 

Ammonia, — Its offoota socm to vary acoording to the d^;r&e of con- 
centration. Sometimes the outline of the corpuscles becomes distinctlr 
orcnated; at other times the eHei--t rweniUles that of bonicic add. while 
in other cases the edges of the corpuscles begin to break up. {I-Ankestcr.) 

//«(/.— The effect of heat up to 120°— 140" !■'. (5U°— 60° C.) is to 
cainte the formation of a number of biul-like processes (Fig. 75). 

Ekftricity causes the red blood-corpuscles to become crenated, and 
at length mulberry-liko. Finally they recover their round form and 
becomo quite pale. 
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The general conclusions to be ilrnvrn from theee obeervations bavo 
1 been mimmml up aa fallows by Prof. Ray Lankester: — 
^^ "The rod btood-corpu»elc of the vertobratrt is u viscid, and at tho same 
^Buue elastic disc, oral or round iit uiUliiLe, iU surface being dillert-iitiiited 
^Kptnewtiut from Ibe iniderlring material, and forming a pellido or mem- 
^Hjn^iie of grcitt tenuity, not diBtiujfuishAble with tbo bighest power8 
^P(wI)iUt tbc corjmKle isnormal and living), and baving no pronounrcd inner 
r limitation. The viscid mora eonsista of (or mtbpryjVW*, since the state 
of combination of tbo components in not known) a variety of albuminoid 
and other bodies, the most easily Beporablc of which is bipmoglobin; j«f«- 
mhBj/, tbo matter which segregates to form Koberts's mactila: and ihirtlft/, 
a naiduory etroiua, ap|)arent]y homogeneous in tlio mannnidia (excepting 
at tar u tbc outer surface or pellicle may bo of a different cbeniicul 
nature), but coutuiuing in tbu other rertebrala u sharply detmable 
nncletu, this nucleus being already differentiated, but not sharply deline- 
ated daring life, and consisting of, or separable into, at Ica^ two com- 
ponents, one (paniglotiulin) pnxiipitiible Ity carbon dioxiih>, tind rcmov> 
able by the action of weak ammotiia; tbo other |>uLlucid, and not gran- 
ulated by acida." 

The White or Colorless Corpuscles.— In human olood tht white 
or colorloiw coriiujiclfs or ii'itro-i/tts are nearly spherical matse* of 
granular protoplasm without cell wall. The granular appearonn:'. more 
marked in some than in others (vide itt/ra), is due to the presence of par- 
tides probably of a fatty miture. In all ctues one or more nuclei exist in 
each corpuscle. The size of the oorpttsclo uvcrugee g^^fi of an inch in 
dtameter. 

In health, the proportion of white to red corpuscles, which, taking 
an average, is about 1 to 500 or dOO, varies considembly even in tbo 
coarse of the same day. The variations appear to depend cbleAy on the 
amount and probably aleo on the kind 
of food taken: the number of lenco- 
cytes being very considerably increased 
by a meial. and diminished again on 
farting. Also in young persons, dur- 
ing pregnancy, and after great loss 
of blood, there is a larger i}roportion 
cf colorless blood -corpuscles, which 
probably shows that they are more rapidly forme^l nnder these circum- 
■Unces. In old age, on the other hand, their proportion is diminished. 
^m Varieties. — The colorless corjinacles present greater dirersities of 
^pbrm jhan the red ones do. Two chief varieties are to be seen in human 
'tttpd; one which contains a considerable number of granules, and the 
^her which is paler and less grannlar. In size the variationii »re great, 
for in most specimens of blood it is possible to make out, in addition to 
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tlie full-aized Tariotics^ a number of emiUlor corpnsclea, conststiug of a 
Inrgo spherical nucleus suiroumled by n variable umount of more or lecs 
gruimlur protujjlasiii. Tito «uukli corpuiicles are, iu all probability, tbt- 
ujidevelopeil fornix uf the others, and are derived from the cells of the 
lymph. Besides tlie above-mentioned Tarietiiie, Schmidt describes anothw 
form which he k^nks upon as intermediate hetwcen the colored and tli« 
c«)lnrl<-e« forms, viz., cortuin r:nr])usr]i!» which contain red ^rannleB of 
hiEmoglohiu in their protoplasm. The different varietiea of colorless cw- 
puftulis are os])«ciuUy well seeu in the blood oX frogs, newts, and other 
cold-blotxlcd animuls, 

Amceboid moTement. — A remarkable property of th&colorlees (!or- 
pu»clea consists in their capability of spoil laneously chau^ng their shape 
This was first demonrtrated by Wharton Jones in the blood of the skat«. 
If a drop of blood bo enimincd with a high power of the microscope on 
a wiinii Btage, or, in other words, nndcr conditions by which loss of mois- 
ture in preventwl, and at the wime time the tempenitiire i? maintained at 
about that of the blood in its tuitiira! stiite within the walls uf the living- 
vessels, 100° F. (37'8° C), the colorless corpuscles will be observed sloviy 
altering their shapes, and wmding out processijs at various parts of their 
circumference. This alteration of 8ha|)e, which can be most conveuientl)- 
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studied in the newt's blnod, ia called amoeboid, inasmuch as it strongly 
n'sembles the movt^mout of the luwly organlKed anurba. The proccsiea 
which are sent oat are either lengthened or withdrawn. If lengthonod, 
the protoplasm of the whole corpusde flows as it were into itii process, 
and the corpuscle changes its position; if withdrawn, protrusion of 
another process at a different point of the circumference speedily follovi. 
The change of position of the corpuscle can also take ]->lace by a flowing 
movement of the wliolo mass, and in this case the locomotion is compsT' 
ativcly rapid. The activity both in the proc^ees&s of change of shape and 
also of change in poKition, ia much more mnrkcd in some oorpnscJes, vii., 
in the granular vnnoty. than in others. Klein states that in iho newl'i 
blood the changes are espeeiHliy likely to occur in a variety of the color! 
corjiuwle, which itontiists of masses of finely granular protoplsi^ni with 
jagged outline, containing three or four nuclei, or of large irregidar 
masses of proto])la(tm containing from ^ve to twenty mielei. Another 
phenomenon may be oliscn'ed in such a specimen of blood, rijt., the diri* 
sion of the corpuseles. which occurs in tho following way. A cleft takes 
place in the protoplasm at one point, which becomes deeper and deeper. 
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id tbeu by the lengthening out and attenuation of the coonectioD, and 
y by its raptore, two corpuscles re«ult. Tbo nuclei liuvo previouul}' 
nndergone division. The ceils so formeil arc said tu bi> rciuarkablr uoiivu 
in their movemcute. Thus we see that the roimdetl form which the 
colorless corpoBcles present in ordinary microscopic Bpecimenii mart bo 
looked npon aa the shape natural to a dead corpuscle or to one whose 
^TitAlity u dormani rather than as the shajte projier to ouu living and 
Ire. 

Action of re-agents upon the colorless corpuscles.— /Vw/jy? th/t 
eorfiuscles. — If some line pignictil gramilw. e.ij., jKHvilervil vcrmiHitti, 
Iw added to a fluid ooutaining colorlosa blood-corpiteclos, on a gliias elide, 
tbeao vill be obserred, under the microscope, to take up the pigment. In. 
■ome caH6 colorte«a corpuscles have been seen Trith frugnient« vf colored 
ones thus embeddetl in their etibstance. This property of the colorle^ 
corpusrlea ia especially intere-oting iw helping Ftill farther to connect them 
with the lowest (orma of animal life, and to connect both with the organ- 
iz4.'d cells of which the higher aninialfl are composinl. 

Tlie property which the eolorless corpuscles poeeess of pa&iing through 
the valla of tbo blood-vcesela will be described later an. 

Enumeration of the Red and White Corpuscles.— Sereml 
Inelhoda are employed for conntiug the blood-corpiiBcles, most uf tln-'Ui 
depending upon the same principle, i.e., the dilution of a minute rolnme 
of bkxNl with a given volume of a colorless solution siuiilar in i!]X'cific 
gmrity to blood serum, so that the size and shajw of the corpuscles is 
altered as little as possible. A minute quantity of the well-mixed solu- 
tion if) then taken, cuiiniiied under the micnecope, either in a flattened 
capillary tube (MalassoK) or in a cell (Ilayum &. Nachet, tiuwere) of 
known capacity, and the number of corpaecles in a measured leiiglli of 
the tube, or in a given urea of the cell is counted. Tlie length of the 
tnbe and the area of the cell are ascertained by means of a micrometer 
scale in the microscope ocular; or in the caw of frowere' mollification, by 
the dirision of the cell area into squares of knoa-u flize. Having ascer- 
toineel the numlwr of rorpuscles in the diluted blood, it is easy to find 
out the number in a given volumo of normal blood. Gowers' moditica- 
tioo of Uayem & Xacbet's instrument, called by him '* ffrnnnrtftometrr.'* 
appears to be the moHt conTenient fonn of instniment for counting the 
corpuscles, and us such will alone be de^icriheil (Fig. 79). It consists of 
■ siaall pipette (a), which, when filled up to a mark on its stem, holds 
995 cabic millimetres. It is furnished with an indi»-nih1>er tube and 
KIms month-pieice to facilitate filling and emptying; a capillary tidK? (b) 
moritcd to hold A cubic millimetre!), and aUo furnished with an india- 
rubber tube and mouthpiece; a small glaas jar (n) in which the dilntion 
of the blood is perfonuwl: a glass stirrer (b) for mixing the blood 
thoroaghly, (r) a needle, the length of which can ho regulated by a 
Vou L-«. 
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scren-; a bniss stage plate (c) uurryidg a glass slide, ou wUiuli is a dcH 
one-fifth of u tuillimetre de«p, and the bottom of wUieh is divided intu 
one-t«Titli millimetre squares. On the top of the cell rests vhe vumt 
glaat, which i^ kept in it^ pWe by thu preasnre of two 6]>riug« prvceediug 
'from the stugc plato. A stundurd saline solution of sodium sulphate, «r 
similar salt, of speoific gravity 1(125, :s made, and 90S cubic ntillimetn'S 
arc measured liy means of tlie pipette into thu glnes jar, and with this five 
<'iibic raillinietres of blood, obtained by pricking the finger with a iweiltt;, 
and luuasurud ui the capillai'y pipette (b), are thoroughly mixed by the 
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glass gtlrring-rod. A drop of thia diluted blood is then placed in the> nil 
and covered with a cover -glass, which is fix(>d in position by means of the 
two lateral springs. The preparation is then examined under a micro- 
scope with a power of about 40(1 diameters, and focussed until the lines 
dividing the tell into aqnriTcs arc viaibtc. 

After a short delay, the red coTpnsclee which have sunk to the bottom 
of the cell, and are reeling on tho wqiiarcs, arc counttnl in ten sqnares, 
and tho number of white corpuscles noted. By adding together the 
numbers counted in ten (one-tenth millimetre) sqnares the number of 
coq>ii6i^Ii>£ in one-cuhic niilUmotro of blood is obtained. The averago 
number of corpuscles per each cubic millimetre of healthy blood, aoocrd- 
ing to Vierordl and Welcker, is 5,000,000 in adult men, and rather fewer 
in women. 
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Chemical Composition of the Blood in Bulk. — 

Wilier 

Solids — 

Corpuficles ■« • 

I'roteiils lof serum) 

Fibrin (oE clot) . 

Fatty matters (of wrum) 

Inoipimc Baits (uf serum) 

Oaaea, kreutin. umi and other extnictire 
matter, glucose and accidental sub- 
■tanocB 
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Chemical Composition of the Red Corpuscles. — AmdysU of a 

'ihouBoiid pnrt« of moist blood oorpuades shows the following as the 



LTeeult: — 
B Water 

^ soiiiU.!?.';^'."? 



( ilineral 



. ess 

303.88 
8.13—313 
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Of the Rolids the moet important is Hiemoglobin, the subetance to 
which the hlood owcii its color. It constitutes, oa will bo seen from tho 
appanded Table^ more than 90 per cent, of tho organic matter of tho 
<xn|maoIeB, Besides hiemoglobin tlioro are proteid ' and fattj matters, the 
former chiefly consisting of ghhuUns, and tho latter of choksterin and 

thin. 



In 1000 parts organic matter are found: — 

Hffmojflobin 

Proteids 

Fats 



905-4 

8«*7 

7-9 



1,000- 

Of the inorganic salts of the corpuscles, with the iron omitted— 

In 1000 partfi corimficlM (Sohmidt) arc found: — 

Potassium Chloride 3-670 

Phosphate S-343 

suIphiiH' '133 

Sodium " -633 

Calcium '* -094 

Mupietinm *' . , , . " . . . •OfiO 

Sods -341 



7 -.182 



' \n ar^coUDt of tlie prtricicl tKxIit*. dc. will Iw founi) In llic Appooilix, unl slioulJ 
I rtftrml lo fur oxplanation of ihc tcnns emplojed la Uie text. 
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The pro])«rtio8 of lia>moglobin will bo coneidorod in relation to tha 
Gattf. of tlie biootl. 

Chemical Composition of the Colorless Corpuscles.— In oon»- 
qiience of the difHcnlty of obtiiininy t-olorles* corpuscles in sufficient num- 
ber to make an analysis, little is nceunitcly known uf their cheniicul com- 
position; in all probability, however, the stroma of tho corpQscles is mado 
up of prot«id matter, and the nucleus of nuclein, a nitro^nons phoB- 
phoruB-conlaining body akin to mucin, capable of resisting the action of 
the gfiatric juice. Tlie proteid matter (globulin) is eolnblc in a ten per 
cent, solution of sodium cliloriUe, and the solution ib precipitated on tb» 
addition of water, by beat and by the mineral acida. Tlie stroma coo-, 
tnins /affi/ ijranults, and in it also the presence of glyvotfrn has been 
demonat rated. The salts of the corpuseles are chiefly potasFtum, and 
of thoBc the pho3phat<^ is in greatest amount. ■ 

Chemical Composition of the Plasma or Liquor Sanguinis. — 1 
The liquid part of the blood, the plasma or liquor Bangniinis in which the 
ooriiU(-cIi'8 float, may be obtjiined in the ways mentioned under the hsad 
of tlie Congulatioii of the Blood. In it aro the fibrin fnctors, inasmoeb 
as when exposed to the ordinary temperature of the nir it undergoes coag- 
ulation and Gphts up into fibrin and .scrum. It dilTers from the semm ■ 
in cotitainiiig fibrinogen, but in appearance and in reaction it elo»>lyf 
reeembles thnt fluid; its alkalinity, however, is less than that of the 
serum obtained from it. It may be freed from white corpuscles by flltra- 
tion at a temperature below 41°?. (6*C.) 

Fibrin. — The port played by fibrin in the formation of a clot has 
been iilruady dcBcribed {p. 66), and it is only ncceasory to consider here 
ita general propt^rties. It is a etrinfiy elastic silbetance belonging to the 
proteid class of bodies. It is insohiblc in water and in weak saline boIo- 
tione, it Bwells up into a transparent jelly when placed in dilute-hydro- 
chloric acid, but does not dissolve, but in strong ucid It dissolves^ pro- 
ducing acid-alhumin;' it is also soluble on boiling in strong saline soId- 
tionn. Blood contains, only "iJ per cent, of fibrin. It can he converted 
hy the gastric or pancreatic juice into peptone. It posseises the power 
of liberating the oxygen from sohitiona of hydric jwroTide H,0,. This 
may be shown hy dijiping a few ahrede of fibrin in tincture of gTiaineum 
and then immersing them in ii solution of hydric peroxide. The fibrin 
becomes of a hlulsh color, from its having liberated from the solution 
oxygon, which oxidizes the resin of guoiacum contained in the tincture 
and thus produces the coloration. 



I 



'The iwe of thp two wordu ttlhutnfn nnd nUmmin may nt-ini t-xpiniiftlJoo. TI»i 
fortniT \* ihe ffmme word which mny include sev«ml albumiiinus or proield bodiCB, 
f.ff., liWmmen of blmul; ihu IiiUit, whidi n-ciulres io be qualfflcd hy niiutJit-r word, b 
tbc RpcciAc form, and U upplii'il to vnrioiiKt. e.g., egg-fllbumio. st-nuu-albumln. 
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Salts of the Plasma.— Iii 1000 jMirls plasma there are:— 



Sodium Chloride 

Soda 

Sodium Phosphate 

I'otofifiium chluride . 
" sulphiito . 
Cnlciiim phosplinte 
iitigiiveiuiu phu6f hate 



1-533 
-271 
■359 
-281 
■298 
■213 

8.605 



Serum. — The sorum is the liquid part of the blood or of the plMma 
remaining after the s^ptiratioii uF tlie clot. It is an alkaline, yellowish, 
transparent fluid, with a EpeciQc grnvitr of from 10^5 to liiS'i. In tlio 
naual mode of coagulation, part of the eerum remains in the dot. and the 
rest, aqaoezed from the clot by it« contnurtion. lie^ aronml it. Since tlie 
contraction of the clot may continue for thirty^ii or more hours, the 
'^uaiititT of wnim in the blood ctiniiot l>6 even roughly estimated till tliid 
period has elapicd. There is nearly as much, by weight, of serum as 
then ifl clot in coagulated blood. 



H Chemical Composition of the Serum. — 

^k Wiktor 

^^^ Prvtt-iJs: 

^^^K a. Senim-albximin 

^^^F fi. Paraglobuliu 

■ Salt^. 

^K Fuls — including fattjr acids, choleoterin, lecithin: 

^M and some soaps ....... 

^H tinipe sugar in vmal] amount . . . . 

^H Extractived — krealin. kreatinin. urea, etc. 

^H Yellow pigment, which is iudeiiendent of ha^mo- 

^B globin 

^K Qaaei — small amounts of oxygen, nitrogen, and 

^^^^ ovbonic acid 



about 900 



SO 



20 



1000 



Water.— The water of the serum Tari« in amount according to the 
amount of food, drink, and exercise, and with many other circumstanees. 
I Proteids.— <r. SernmwUbumin io the chief proteid found in aemm. 

It is precipitated on heating the scrum to Uii" F. ((!0° C), and 
entirely conflates at (IGt" F. 75" C). and also by the luldition of stronjj 
■cids. such as nitric and hydrochlorir; by long contact with alcohol it is 
precipitated. It is not jirecipitated on aildition of ether, and so differs 
from the other uatiru albumin, viz., rw-iUbumin. When drieil at 1U4'F. 
(40° C.) serum-albumin iii a brittle, yellowifih Kultstant-e, soluble in wati-r. 



pQWeting a laevo-rotiiry i>ower of — &0*. It is with grcrat dirticiilty 
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freed from its salts, ami is precipitated by eottitioiis of m«tAlIic ealte, e.g., 
of mercuric chloriilu, copper sulphate, It^d acvtat'e, sodium tuugstaW. vtc. 
If dried at h. teraj)emture ox'ur Id" F. (75* C.) the residue is imjoluble 
in vuter, huving beeu uluuigod tutu cvagulated pndcid. 

(i. Paraglobulin ciin be obtained aa u wliite pKoipitatc from cold serum 
by addtug u uuuBideruble exc(.'g« of water uud paeging through it u currem 
of carbonic acid gas or by the cautious addition of dilute acetic acid. It 
can also be obtiuned by saturating acrum vith crystallized sulphate mag- 
iieeium or chloride sodium. When obtained in the latter way prccipita- 
tiou seems to be much more complete than by me-ans of the former 
method. Pamglobulin belongs to the class of protcida called giobtdtHJt. 

The propurtiun of serum •albumin to paraglubulin in human blood 
Boruin is as I'JIl to I. 

The salts of sodium predominate in eerum as in plasma, and of theae 
the chloride generally forma by far the largest proportion. 

Fats are present partly as fatty acids and partly emulsified. Tlie 
fats are triolein, trUiearin, and (ripuhnitin. The amount of fatty matter 
varies according to the time after, and the ingredients of, a meal. Of 
eholestertii and fecifhin there are mere traces. 

Grape sugar is found principally in the blood of the hepatic vein, 
about one part in a thousand. 

The extractives vary from time to time; sometimes uric and bip- 
puriu acids arc found in addition to urea, krcatin and kreatinin. Urea 
exists in proportion from -02 to '04 per cent. 

The yellow piijmeni of the serum and the odoroue matter which give* 
the blood of each particuJar animal a peculiar smell, have not yet been 
properly isolated. 
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VAHlAnONS nj HEALTHY BlOOD UNDER DIFPER£KT ClRCUUSTAKCES. 

The conditions which appear most to influence the composition of tha 
blood in health are these: 8e.x. Pregnancy, Age, and Temperament. Tha 
composition of the blood is also, of course, much infiuenced by diet. 

1. Sex. — The blood of men differs from that of women, chiefly in be- 
ing of somewhat higher specific gravity, from its containing a relatiTely 
liu'gcr quantity of red coriniselce. 

U. Pregnantly. — The tilood of pregnant women has a rather lower 
spouifio gravity than the average, from deficiency of red corpusclea. The 
•jOantity of white corpuscles, on the other hand, and of fibrin, is in- 
creased. 

3. Afffi. — It appears that the blood of the fa-tus is tcit rich in solid 
matter, and especially in red cor^iuHcles; and tliis condition, gradually 
(liminishing, ('niitirmea for some weeks after liirth. The fjuantity of solid 
matter then falls during childhood below the average, again rises during 
adult life, and in old age falls again. 
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4. Tfmoeramenf. — But little more is known concerning the connoction 
this vitn the condition of the blood, than tliat there iippeora to bo a 

kbtively larger quantity of solid matter, and particularly of rod oorpusclcs, 
in thosi' of a jiletnorlc or aangiiineoua temperament. 

5. />i>/.— Such differences in ihe composition of tho blood oa axe duo to 
le temporary presence of vnrioiis matters iibsorbed with tho food and 

drink, iia welltis tho moro lusting changce which must result from gener- 
ous orjioor diet resjiectivoly, neod bo hero only referred to. 

Kffeets of Hlenting. — Tno result of blooding is to diminish the specific 
j^vrity of tlie blood; and eorjuiokly, tliiit ina«nfi;levoneM>ction, tho portion 
of blcKMl last dniwn bus often a loss siwcific gravity than that of tho btowl 
that flowed first. This is, of course, due to absorption of fluid from the 
ttaanes of the body. The physiolozic-al import of this fact, namely, the 
instant absorption of liquid from tne tissues, is the same as that of the 
intense thirst which is so common after either loss of bloo^i, or the ab- 
,atniction from it of watery fluid, jw in cholera, diabetes, and the like. 
For some little time oitcr bleeding, the wunt of red corpuscles is well 
rked; but with thig exception, no considerable alteration seems to be 
produceid in the composition of the blood for men.- than a very short timer: 
^ the lose of tho otlier constituents, including the pate corpuscles, being 
KVery quickly repiured. 

^VABIATUfNS IX TEB COMPOSITIOK OF THB BlOOD, IH DIPFBRBNT ParTR 

or THE Bout. 

^V The oompoeilion of the blood, as might be expected, is found to vary 
in different parts of the body. Thus arterial blood differs from venous: 
and although its composition and genenil characters are uniform throngh- 
ont the whole course of the systemic arteries, they are not ao throughout 
tho renoua system, — the blood contained in some reins differing remarka- 
bly fn^m that in others. 

Differences between Arterial and Venous Blood. — Tho differ- 
ences between arterial and venous blootl iiro ilicse: — 

(a.) Arterial blood is bright red. fn^ni the fact tliat nlmoet all its 
hamoglobin is combined with oxygen (Oxyluemoglobin, or acarlot hfemo- 

^klobin), while the purple tiut of venons blood is duo to the deoxida* 

^Hon of a certain rjuantity of its oxyhemoglobin, and its consequent rcduo- 

^Kon to tho purple variety (Deoxidized, or purpio haemoglobin). 

^B (h.) Arterial blood coagitlutes somewhat more quickly. 

^1 {c.) Arterial blood contains more oxvgen than venous, and lees carbonic 

^Id. 

Some of the veins contain blood which diffem from the ordinary stand- 
aid CDiuiderably. These are the Portal, the Uepatic^ and the Splenic 

TfltlU. 

^P Portal vein. — Tho blomj which the |iortaI vein conveys to the liver is 
ecpplird from two chief anurtres; nanu-U'. that in tho KiLstric and meaen- 
teric veins, which contains the soluble elements of foocT absorbed from the 
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Stomach ami iniestineti during iligeetion, nmi that in the splenic rein: it 
must, therefore^ combiue the qualities of the blood from each of thcH^ 
sources. 

'['he blood in the gastric and mesenteric reins will vary moch accord- 
iog to the stage of digestion and the nature of the food taken, and can 
therefore be seldom exactly the same. Speaking generollv, and withont 
considering the sugar, dextrin, and other soluble miittcra wltich may har* 
been absorbed from the alimentary canal, this blood appears to he dt-fl- 
cicnt in solid matters, especially in red corpuscles, owin? to dilution by ih<- 
quantity of iratcr absorbed, to contain an excess of albumin, and to }'ielil 
a less tenacious kind of fibrin than that of blood generally. 

The bliKMl from tlie aulenic vtin is generally deBcienl in red corpuscles, 
and cont^tins au unusually large proportion of prot^^ids. The fibrin ob^ 
taiuable from the blood seems to %'ary in relatire amount, but to be almost 
always above the average. The proportion of colorless corpusclec is also 
unusually large. The whole guantity of solid matter is decreased, thft 
diminution apiieariag to be chiefly in the proportion of red corpusclos. 

The blood of the portal vein, combining the peculiarities of its two 
factors, the splenic and mesenteric venous blood, is usually of lower 
specific gravity than blood gcnerallv, is more watery, contains fewer red 
cnrpusctes. more jirotcids, and yields a less firm clot than that yielded by 
other blood, owing to the deficient tenacity of its fibrin. 

Guarding (by Tigaturo of the ported vcm) against the poesibiHty of an 
error in the anatvi^iii from re^rgitation of hepatic blood into the portal 
vein, recent oli^'rvcrs have lietormined that hepatic venom W/«wf contains 
loss water, albumen, ami miU, than the bhwil of the portal vein: but tlwt 
it yields a much Iiirgvr atn^mnt of extnictive maH-er, in which is one con- 
stant element, mimoly, grape-sugar, which is found, whether saccharine 
or forinoceotis matter have been present in the food or not. 
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The Oases of the Blood, 



H 



The gaaes oontainpd in the blood are Carbonic acid, Oxygen, andKitro 
gen, 100 Tolames of blood containing from 5U to tiU volumes of thoae gaeee 
oollectively. 

Arterial blood contains relatively more oxygen and less carbonic aoii 
than venouK. Hut the absolute riuantity of carbonic acid is in both kL 
of blood greater than that of the oxygen. 



Arterial Blood 

Venous 

(from muscles at rest) 8 to 13 " " " 



OxygOT. Carbonic AcW. NilrojEfo. 

. 20 vol. per cent. 39 vol. per cent 1 to 2 toU, 



4C 



ti tt It 



1 to 2 vols, 



The E-j^radion of the Oases from the Blood. — As the ordinary idr- 
pnmps are not suflnciontly powt-rfnl fur the purpose, the extraction of the 
gases from the blood is ucconiplished by means of a mercurial air-pump, 
of which there are many vorietiea, thiiee of Ludwig, Alvergnidt, Goissler^ 
and Sprengel being the chief. The principle of action in all is much the 
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Ludwig's pump, which may bo taken a$ a tjpe, U represented in 
the figure. It conaisU of two fixed globes, C and F, the upper one com- 
municatiog by muuu^ of tlio etopcot-k D, and a etout india-rubber tubv 
with another glass ^lobv, J., wliicli can be niised or lowtriMl by inemis of 
a pnlley; it also commnnicatcs by means of u. stop-cock. B. und a bent 
giatB tube, .1, with n gtut receiver (not reprtseiittHl in tliu tlgure), A dip* 
ping into iL Imwl of meniury, so that the fs,m may bo received over niorcurr. 
The lowor globe, F^ conimonicateB with (' by m«aua of the stopoock, E, 
with /in which the bloucl is coiitaintHl by tha 
atopcDck O, and with a movablo gloea globe, 
II, simihir to L. by means of the 8to|}cDck, H, 
and the atoat india-rubbvr tube, K. 

In order to work the pump, L and Moccq 
4Ued with mercury, the blood from which the 
gHes are to bo extracted is phuMid in the bulb 
It the stopcocks, //, E^ D, and B, being open, 
and G closed. J/ i>) raiaed by nieans of tlio 
pulley until F is full of mercury, and the air 
is driTen out. E\s then chxKHi, and L is nuBcd 
00 that C becoDiC'8 full of mercury, aud the air 
driven off. ft is then filofted. On lowering L 
the mcrcurj'nina Into it from C, andavacunm 
kestabUahed in C. On opening B aj\A lower* 
in; M, a TBcnnm is similarly established in F; 
if ff be now opened, the blood in 1 will enter 
into ebullition, and tha ga^tw will ]iaB6 off into 
/'and C, and on raising M and then L, tho 
stopcock B being opened, tho gas is driven 
through At and is received into the receiver 
orer mercury. By repeating the experiment 
MTeml times the whole of the gases of tho speci- 
men of blood is obtained, and may be estimated. 

The Oxygen of the Blood.— It has been 
found that a very small proportion of tho oxygen 
which can bo obtained, by the aid of the mor- 
cTirisl pump, from tho blood, exists in a state of simple solution in the 
pUsma. If the gas were in simple solution, tho amount of oxygen iu any 
given quantity of blood exposed to any given atmosphere ought to \ary 
with the amount of oxygen contAined in the atmosphere. Since, speak- 
ing generally, the amount of any gas absorbed by a liquid snch as plasma 
woold depend upon the proportion of the gas in the atmosphere to which 
the liquid was ex|i9ed — if the proportion were great, the absorption 
would be great: if small, tho absorjition would Iw similarly smalL The 



afaaorption would cuutiiiue until the proportion of tho gas in the hquid 
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and in the atmosphere becAmc equal. Other things would, of coniw, in- 
floencft the absorption, such as the kinti of gaa emplgyod, nn/wre ©/(Ac 
liquid, and the lemperature of both, but c^fteris paribus, the amoiuitof 
a gas which a. liquid absorbs depends upon (ho proportion of the gae — the 
so-L-iillcd partiiil presBtire — of the giu in the atmoaphero to whii-b tli« 
liquid is aubjeflted. And eonvereelv, if a liquid containing o gas in solu- 
tion be exposed to an utmospherc containing none of the gas, (he gns irill 
be given up to the atmosplmru until its amount in the liquid iind in t)i« 
atmosphere becomes equal. This condition is called u condition of equal 
tensions. The condition may be understood by a simple illuKtralion. A 
large nmonnt yf carbonic acid gas is duaolved in a bottle of water by ex- 
posing the liqnid to extreme prceenre of the gas, and a cork is placed in 
the bottle and wired down. The giis exists in the water in a condition wf 
extreme tension, und therefore there ia a tendency of the gas to escape 
into the atmoaphore, in onler that the tension may be relieved; this cadm 
the violent expuUion of the oork when the wire is removed, and if the 
wutcr be placed in a glass the gas will continue to be cvnlred until it is 
almost all got rid of, and the tension of the gas iu the water npproximatce 
to tlmt of the atmospliere in whicli, it shonld bo remembered* the carbon 
dioxide ia, naturally, in very Bmall amount, \'\z., -u-J per cent, ^'ow the 
oxygen of the blood does not obey this law of prcssnre. For if blood 
which contains little or no oxygen Iw exjiosed to a saccespion of atmos- 
pheres containing more and more of that gns, we find that the alworption 
is at first very great, but wjun Irecomes relatively very small, not b<ring 
tlnjreforo regularly in proportion to the increased amount {or ieuaion) 
of the oxygen of the atmospheres, and that conversely, if arterial blood bo 
submitted to regularly diminishing preteuree of oiygLMi. «t tinst ver>- little 
of the contained oxygen is given off to the atmosphere, then suddenly 
the gas cBcapOB with great rapidity, again disobeying the law of pres- 
sures. 

Very little oxygen can ha obtained from serum freed from blood eor- 
pUBclos, even by the strongest morenrial air-pump, neither can serum be 
mode to absorb u large quantity of that gas; but the small quantity which 
is so given up or so absorbed foUowa the laws of absorption according to 
pressure. 

It must be, therefore, evident that the chief part of the oxygen is con- 
tained in the coriuiscles, ani^ not in a stAte of simple siilution. Tlio chief 
Mid constituent of the colored corpusclca ia hirmoglohin. which consti- 
tutes more than 90 per cent, of their bulk. This body has a very re- 
markable aflhiity for oxygen, absorbing it to a very definite extent under 
favorable circumstances, and giving it up when subjected to the action 
of reducing agents, or to a auflicienlly low oxygen pwssure. From these 
facts it is inferred that the oxygen of the blood is combined with hsemo- 
globin, &nd«noi simply dissolved^ bnt inasmuch as it is comparatively ewf 
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lie the hsemo^lobin to give up its oxygen, it is believed ilmt tlie 
rygen i« but loosely combined with the Bubsiunce. 
Hxmoglobin. — Ha;mt>gIobiti i^ a oryfitiiMiziilile IxKly which cotutitut«8 
hy fur tlif largi'st portion of the colored cnrpuaelc^ It ix ititimuUOy dia- 
tribated throughout their stroma, and muet be diseolTod out of it before 
it will undei^ cmtalUtuliun. lU purcenlu^e (;Dni]>o!iitiun in C. 63*85; 
H. 7-3-J: N. 16-17; O. '^l-W; S. -03; Fe. ■«; and if the molecule bo «ii>- 
poeod lo contain one atom of iron the formolu would be C^„ 11,^, K,^,, 
Fc S,. 0,„. The most intere«tingof the ]iro|>ertie« of hienioglobin are its 
powers of crystsllizing and ita attraction for oxygen and other gases. 

Cryttinh. — The hsmoglobin of tho blood of rariouA animaln \toffaev«t% 
\ thepowerof crystallijiingto very different extents (blood -crystola). Insomo 
animnU the formation of crystals is almost spontaiieoue, whepww in others 
crystaU are formed either with great difficulty or not at all. Araojig tho 
; itni"T'^l* vbase blood coloring-matler cryatiillizeit most readily aru the 
I gaioM'pig, rat, sqnirrel, and dog; and in tlicse cases lo obtain crystals it 
is genendly surtipient to dilute h drop of recent ly-drawn blood with water 
and expose it for a few minutes to the air. Light seems to favor the for- 
mation of the crystals. Iti many instances oth 'r means must bo adopted, 
»A^., the addition of alcohol, other, or chloroform, rapid freezing, and 
"then thawing, an electric current, a temperature of 140° F. (GO" C), or 
the aildition of tiodium mtlphate. 

Human blood oniBtallizeg with diffloolty, as docs also thai of tho ox. 
cbo pig. the sbeep^ and the rabbit. 




TW. BL— 07«Uli of oKT-luwiWBlobUi— prismtUc troiD lunnwi Hao^ 

The forms of hiemoglobin crystala, as will bo seen, from tho appended" 
differ greatly. 

Hfemogloblin crystals are solubk in water. Both tho crystals thom- 
'mItm wad also their solutionfi have the oharacteristic color of arterial 
Uood. • 
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A dihtte Bolntioa of hMDO^ofain giTMachawctcriiricappeTMice with 
the spectroscope. Tvo absorption bands an seen betvecn tbe wUr lm» 
o and z (aee Plate), one toward the nd, with ita middle line some lililc 
war to tbe blue side of n, is venr intense, but namnrer than the other, 
vhicb UeB near to the red aide of e. Each band is darkest in the midiik 
and Cadn away at the sidea. As the stnngth of the solution inoreoses tbe 
bands t>t'<:-omu brooder uid deeper, and both the red and the bine cuds of 
the tpectram become encroached upon until the bands coale«oe to form 
one Tei7 broad band, and onljr a slight amount of the green rem&ins nn- 
abeolved, and part of the red, and on further increase of strength Uw 
former disappcan. 

If the crystals of oxr-luemoglobin be snbjected to a mercurial air-pump 
thej give off a definite amount of oxygen (1 gramme giving oH 1-^S 
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RB. na— DxylurRiAitloMii flr7stal»-t«tr»h«1nd, frmn Mood of Uw gnlncA-pic. 
CI. n — H««acOTial axj'-'>*iB<iEl'>l^lB cijiHafat, tnva Hiwtl at Bqnlnvl, Ov Omrnt 
pUu*. prtmiAUo erriUlA, grouped In liBtdtaU msaiKr. tuA. unfrcqiNsatlr ocour laRcr Flukrl. 

c.cm. of oxygen), and they become of a purple color; and a solution (rf oiy* 
luemoglobiii may be made to give up oxygen and to become purple in a 
sdmilar maiiut-r. 

This chnuge may bo also effected by pafwiug through it hydrogen or 
nitrogen giw, or by tbe action of reducing agents, of which Stokes's fluid' 
is the moat convenient. 

With the spectrcMcope a solution of deoxidized hiemoglobin is found 
to give an entirely difforeut tipiicanince from tluit of oxidized lia-moglo- 
bin. Instead of the two bands at i> and t we find a single broader but 
fainter baud occupying a jHwition midway between the two, and at tbe 

' BlokBt't Fluid consleu of a solulioo of ftrrvu* tulphatt. lo wblcli nmmonl* hM 
been odAnA and HUffldent tarwric acid to prevent predplUillon. Anothrrrwlufinff 
agent ts a Kolutjon of tUt mioiit Marid^. Ircaled tti a way ilmllar to the f rrroiis aulphate, 
and a thint Aageut of like nature i« an nquoouH solution of ammonium nijjAidt. 
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e time less of the blue end of the spectrnm is absorbed. Etvm in 
roug solutions tliia latter appearance is fouml, Iherebv differing from 
;he strong solution of oxidized tuenioglobin which lets through only the 
J and orange rajB; accordingly to the naked eye the one (redocod 
harnoglobin solution) appears purple, the other (oxy-h»moglobin iwlu- 
tion) rwl. The dcoxi<Iizeil crystjilH or their solutions quickly al>sorb oxy- 
gen on erpoeure to the air, becoming scarlet. If sohitioiiii of IiUkhI lie 
taken inslvad of solutions of htemoglobin, results similar to the vholo of 
the foregoing can bo ohtiiinod. 

Venons blood never, except in the last stagcB of asphyxia, fails to 
show the oxy-hxnioglobiii bands, inasmuch as the greater part of the 
luemoglobin even in venous blood exists in the more higlily oxidixed 
condition. 

Action of Gases on Hxmoglobin. — Carbonic oxide, pflsspd throngh 
solution of hsemoglobiii, cAiises tt to assume a blnish color, and the spec- 
tram is slightly altered: tvro bands arc Btill visible, bill are Sftmewhat 
nearer the blue end than those of oxy-hiemoglDbin (gee Plato). The 
amount of carbonic oxidf is etjual to the amount of the oxygen displaced, 
Although the carbonic oxide gas readily displaces oxygen, the reverse is 
not the case, and npon this property dejtendR the dangerous eflfect of coal 
gu poisoning. Coal gas contains much eorhonio oxide, and this at onoe, 
vlu^n breathed, combines with the hipmoglobin of the blood, producing 
a compound which cannot oasily be reduced, and since it is by no mcnna 
an oxygen carrier, ilcath may result from suffocation from want of oxygen 
notwithstanding the (roe entry into tho lungs of pure air. Crystals of 
carbonic-oxide hfemogltfbin closely resemble those of oxyhu^nioglohin. 

Sitric oxitle i>rod»icea a similar compound to the carbonic-oxide hemo- 
globin, which is even less easily rwlneed. 

Xiiroui oxide reduces oxyhaemoglobi n, and therefore leaves the reduced 
bvmoglnbin in a condition to actively take up oxygen. 
I SnlphuTfUed Htfdrngrn. — If this gas be passed through a solotion of 
oxyhiemc^lobjn, the hiemoglobin is reduced and an adilitional band 
appears in the red. If the solution be then shaken with air, the two 
tnnds of oxyhemoglobin replace that of ruUucud tuemoglobin, but the 
band in the red persists. 



Pboductb op tqe DEcoMPosmoK OF n.cjiooLonix. 



H Methzroog^Iobin. — If an R(|ueonH sotntion of oxyhemoglobin be 

exposed to the air for some time, its spcctniro undergoes a rhangp; the 

two D and e bands become faint, and u new line in the red at c is derel- 

^hped. The solution, too. has become brown and acid in reaction, and is 

^^irecipitftble bv basic lead acetate. Tliis change i« due to tho decompori- 

Lion of litemoglobin. and to the production of metAamogiobin. On add- 
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ingammoniuin sulphide, reduced htemoglubin is produced, and onelukioj 
thia lip with air, oxyhftinofilobin h reproduced. 

Hxmatin. — Hy the action of heat, or of ucids or alkalies in th« prt»- 
cncc of oxygen, haemoglobin ean be split up into u substance calM 
Ilamatin, which contulriij all the iron of llie heenioglobin from which it 
wiis dHrived, and a proteid reisiduo. Of tho tuiUT it is iriipocidiblft to uy 
more than that it is probably made up of one or more bodies of the glolni- 
lin clusa. If iJici'ti ha iiu o^vgeu pruscut, instead of ha>mutin a body culled 
h(BJHochroviO(feH is produced, which, however, will ejwedily undergo oxi- 
dation into h%matin. 

HanniLtin i* a dark brownish or black noQ-crrstallizable snbstanw ti 
metallic lustre. Its percentage composition is C. 04-30; II. 5*50; X. 9-OS; 
Fe, 8-83; O. 12-32; which givca the formula C„., !!„, N„ Fo„ O., (Iloppe- 
8cylcr). It is insoluble in water, tdcohcl, and utlicr; sohiblc in the 
caustic alkalit^: soluble with diiliculty in hot aluuhol to which is added 
eiilphuric acid. The iron may bo removed Irom ha'-matin by heating it 
with fumin^f hydrochloric acid to 220'" F. (100° C), and a new body, 
Ji(Pma(tjj}orpfi^riii, is produced. 

In anil solution. — If to blood an excess of acetic acid be addvd, the 
color alters to brown from decomposition of hipmoglobin, and the setting 
free of hmniatiii; by shaking this Holntion M-ilh ether, Bolntion of tlw 
lia>nintin \^ obtained. The Bpuotrum of the etherial solution sliowa no 
leas tliim four ubsor|)tiou bands, ris., one in the red between c and n, one 
faint anil narro.w eltwe to D, nnd then two broader bands, one between D 
and £,, and another nearly midway between b and f. The first bund ia 
by far tbo most distinct, and the acid solution of biematin without ether 
shows it plainly. 

In nfknUnf folution. — The absorption hand is still in the red. but 
nearer to u, and the blue end of the f;pectniin is partially absorbed to a 
considerable extent. If a r(>dncing agent be added, two bands re«embling 
those of o.iyhffimoglobin, but nofirer to the bine, appear; this is the «pt>r- 
trum of reduced htsmat in. On shaking tho reduced hiematin with airw 
oxygen the two baudci are replaced by the single band of alkalino 
hamatin. 

HsematoidJn. — Tide substance is found in the fonn of yel]oinE]i 
crystals in old blood extravtwations, and is derived from tho hitnioglobin- 
Their crvstalline form and the reaction they give with nitric acid soom to 
show thorn to bo identical with Bilirubin, the chief coloring matter of 
the Bile. 

Hxmin. — One of the most important derivatives of mematin is 
llsemin. It is usually called Hifdrufhloratn uf HwrnatiH (or hydrochlo- 
ride), but its exact chemical composition is uncortaiiL Ita fomiula is L'^ 
H,., N,, Fe,, 0,„ 2 IIcl, and it contains 5 IS per cent, of chlorine, but 
by sonip it is looked upon as simply crystallized hiemutiii. Although 
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ifficalt to obtain ia bulk, a Bpccimca may bo easily mado for tlie miuro- 
>pt) in the following vuy: — A sniall drop of dried blood is finely powdered 
*irith b few or)*staU of conunon salt on a glass slide, uiid Bprt-ud oul; a L-ovur 
glue 18 then placed upon it, and gkcial acetic acid added by mc-aus of u 
capillary pipetto. The blood at oucc turns of a brownisli color. The slido 
ia then beated, and the acid mixture evapomted to dryncM at a hif;)i tom- 
penture. The excess of salt ia washed awiiy with wat«r from tlio dried 
residue, and the specimen may then be mounted. A large nuitiher of 
smiilt, dark, rnldiidi black urystala of a rhombic sliapc, sometimos ur- 
ruiged in bundles, will be seen if the slide be subjected to mioroscopio 
oxaminatiun. 

The formation of these hwmin cryatala i* of great interest and impor- 
tance from a medioo>lcgal point of view, as it conetitulus the most cer- 
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tain and delicate tedt ve hare for tho presence of blnod (not of necessity 
the blood of man) in a stain on clothes, etc. It exceeds in dolloaoy even 
ttie spectrasoopic test. 

■I Hstimation of Hsmoglobin. — Tho most exact method ia by the 
estimation of the umoitiit of iron iu a given specimen of btoud, but us this 
ia a somewhat compUcutt-d process, a uietbud bus been projiosed which, 
ihongh not so exact, lias the iidvantage of simplicity. This consists in 
comparing the color of a gireu small iimonnt of diluted blood with gly- 
cerine jelly tinted with carmine and picrocarmino to represent a standard 
solution of bIco<] dilntcd on4i liundred times. TItr amount of dilution 
which the given blood requires will thus approximatoly represent the 
quantity of luemoglobin it contains. {(lOwers.) 

Distribution of Hemoglobin. — In eonnetrtinn with the aseertaiiic^I 
uctiun of bo^nioglotiiii u» the great oxygon -carrier, the following facU 
with regard to its distribatiou are of importance. ' 

tt oi'curs not only in the red blood-celU of all Vertebrata (except one 
fish (leptocephalug) who6« blood-cells arp all colorless), but also in similar 
oetla in many Worms: moreover, it is found diffuftod in tho vascular fluid 
of Bome other worms and certain Crustacea: it also occurs in all the striated 
xoaBcloa of Manmmis and Uinls. It is generally absent from tmatriatcd 
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niusfOo except that of ilio rectum. It has also been fonnd in MolliiscaiB 
oertuin muscles which are epeciuUy actire, riz., those which work the raep- 
Jikc tongne. 

In the muscles of Fish it has hitherto only b&en met with in the vety 
active muscle wliich moves the domal fin of the Ilippocampus (Ray Lao- 
kcstcr). 

The Carbon Dioxide Gas in the Blood.— Of this gta in the 
■blotnl, pmrt pxistB in ii at;ite ot elinple Rcihilinn in the fleniin, and the ree* 
in a state of weak (-■licniiwil conibiimtiun. It is helirvecl that the latter 
is combined with the sodium carhonnte in a condition of bicarbonate 
Some ohaerverB consider that part of tliu gas is ;i£sot;iated with the cor- 
pnscleg. 

The Nitrogen in the Blood. — It is believed that the whole of the 
«mall (jumitity of thy nitro^'L^u coutained in the blood is simply diesolvMl 
in the fluid pliisma. 

DBVKLOrilEST OP THE BlOOD. 

'I'he firet formed blood-corpnaclea of the human emhrj'o differ much 
in their guuural chEUUoteiti from tho^e wliicli bdoug to the later {leriods 




Flo. Ml— Part nf tlu* m^twtjrk uf Jwelnptnir hloud-Tcaaelii In Iha TaNruUr nrpt) of it KutaKSfV 
U.blO(Nt itirpitaclwbct.'omlnff frtvlouiejilarKrd uid hoU(n»»il out partottltr' turtwork: a. imTcM 
of pratoFJHiii. iK. A. Sclisritf.) '^ 

of intra-uteriue, and to all periods of oxtra-uteriae life. Their manner of 
origin is at first very Bimple. 

Surruiindiiig thw early embryo is a circular area, colled the vascular 
area, in which the first mtlimcnts of thoblood-veegels and blood-corpuBcIe* 
are developed. Here the nuclrated emhrvonal cells of the mesoblngt. fnan 
which the hlood-vesaels ond corjiusclos arc to he formed, send out jiroeeaea 
in various direetionH, jind these joining together, form an irregular 
meehwork. The nuclei increase in number, and collect chiefly in the 
larger mfisseu of protoj)lasm, but pnrtly also in the proceasea. Tlicso 
nuclei gather around them a certain amount of the protoplasm^ and be- 
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ioimng colored, form the roO blood corpusctra. Tho protoplagna of the 
■Is and their bmnched network in which. Micse corpusckis lie thou bc- 
Btaiee hoUoweU out into u sTBtom of canals euclosiug fluid, in which the 
Bd iiucleat«d corpuscltte float. The cor]m$cIeti iit Hnit are from about 
Witt ^ t^ ^^ ^^ '"^^ ''^ diameter, mostly spherical, and with graiinhu' 
oontonta, and a well-markod nncletis. Their nuclei^ which arc about 
y^ of an inch in diameUtr, arc central, circular, very little prominent 
on the giirfacoB of tho corpuscle, and apparoutljr slightly granular or tu- 
bercnlaicd. 

The cor{>usclefi then strongly roeonible the oolorlcs^ oorpuselcs of the 
fully developed bloud, but arc colored. They are capable of amiebuid 
AOTemeiit and multiply by division. 

B When, in the progress of embryonic deretopment, the lircr begins to 
mt formed, the mnltipliciitinn of hlood-celU in the whole mass of blood 
ftaif n. and new blood-cells ore produced by this organ, and also by the 
lymphatic gtandfl, thymus and spleen. TTicso arc ut first colorless and 
nucleHU>iI, but afterward acquiTit the onlinury blooil-ttnge, and reHiimhle 
very muidi those of the firat sft. They iilso multiply by division. In 
whichcTor way produced, however, whether from tho original formative 
cella of the embryo, or by thu liver ami tlio other orguua mentioned 
aboTe, these colored nucleated celtj begin very early in ftetiil life to be 
mingled with colored woM-nucleated corpuscles resembling those of the 
^t)[t, and at abont tho fourth or fifth month of embryonic existence are 
completely replaced by them. 

Origin of the Mature Red Corpuscles. — The non-nucleated rod 
rorpiificles may jMisdibly be derivLid from the nucleated, but in all proba- 
bility arc on entirely new fonuatiou, and the methods of thoir origin ara 
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5lMW>i%tolilii Id > 4ltvaed torm In tho pr<-i. iiilmn , k'.oavvfut- 
_ ar and *«ou(itM: k\ ■ oiH flUod wUb outuml nlobuk* of uemrir 

the following: — (1.) During fa>tal life and possibly in some animals, e.ff,, 
the rat, which are bom in au immature condition, for some little time after 
birth, the blood diiics arise in the connective tisane cells In the following 
Vfty. Small globules, of rarying size, of coloring matter arise in the 
protoplasm of the cella, and the cells themaelres become branched, their 
brancbes joining the branches of similar cells. The cells next bocome 
~ Vou I.-7, 
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Tautiolated, and the rod globulettare free in a cavity Blled with flaid (Fig. 
8S); by the cxtcusion of tiic ciivity of tbo colls intu their prooeasee uuu- 
loenosiug veusuls an? produced, which ultimately join with the preTiootlr 
txistiiig vessels, aiid the globules, now having the size and appeaniKKof 
)Ik- ordinary red cor(>u8cIeii, are passed into tho gtiueral oiruulalion. Tliii 
uitihud of formatioa is called intravellnlar (Svhiilur). 



{•th 
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Fm. 1^— Furth(>r diwf'lopitT'nr i<r ''IfvvljviriniHclpe In oonD(>cilvt>-ilnm« oells And iranilnraialia 
of llf Iniij^r InTiM.'apiniLn 1i . .. ' >. .] .. .tn i'Ioi^khIi^ Ml with n onvll}- In the jinxoplaoB cev- 

Itiol Uy IhM ari'l l>v M<.>kI ' "i j' < - '- . I<.' I> r>ri' hIIII KMiliiar: '■. n IkiJIkw cril. tfai- dim^im i< vUcb 
iiu iiJuUl|illiil. Tfic ucn iiu. :i 1 .i > .<i [.infill iiroonil l)ii' wall <if Uit; cavity, ihr (xnTW^clM ki trMdl 
hftVf riijw ("■r'njn.-ills.^inl; r, ^ll^m■» ilir iiu«lr iif uiilnii ol « "lupiiittiHiieric" i-rll, w^I•dl, In tlifil» 
MliuiLT. (.MUiiiliiH 'inl<f' uiii.- ixiriiiiM-l--, u'iiK {li>- MiiJiiii^'utlnLj i, lit'i ut a iirvnuiml)' cxjaUug *i(mbI: SmA 
c, ti-um the ui-n-'ljoi'iL rat; b, intm UK- (lUCol Alicop. Itl, A. ScltSTMO 

(2.) From the white corpti^chf. — The belief that the red corposclecare 
derived from the white is stUI very general, although no new evident* 
has been recently advanced in favor of this view. It is, however, unctr- 
tain whetlitT the niiclena of the white corpneclo bccomoB the red corpus- 
clo, or whether the whole white corpLiBcle \& bodily conrerted into the red 
by tho gradual cleiiring up of its contents with a disappearance of th« 
nucleus. Probablv tlio latter view is the correct one. 



I 



^ © <a ® O 




Fin. (W. —OAmvi nuulralml OTTpwdoi. trvm the red mwrow of llie ^uliira-plg. <BL JL 04AIAvi 

(3.) From the meihill/i nf fionesi. — Red corpuscles are to a very Inrgfrj 
extent derived dnring adnlt Hfii from tiie large pnle cells in the red mar- 
row of Irones. especially of tlie ribs (Fig*. 44, 81>). These cells become 
colored from the formation of hwmriglobin chiefly in one part of tbeirJ 
pmtoplasm. This colored part becomes sepnrated from the rest of the 
cell and forms a re<l <:«rpuaclc. being nt first cup-shaped, but soon taking on 
the normal appearance of the uinture corpiisctc. It is snpiiosed that ibe" 
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pUtm ma^ grov up again and form a number of r&d cor|ni8clefl in a 

(4.) Frfim the ttnitue of the »plt*n. — It is prohablo that rod ns well as 
wliito oorpascles mny Iw prudui't'd in Uiu eplcuii. 

(fl.) /Vom .Virf£icv'''^-~Hiiyem iliwcrilK-a the Btnull purticlcB (inii^ro- 
(^tea), previously nicntioned a» contained in the blood (pr 73), and whidi 
be calls lutmutoblaaU, as tbu precursors of the red corpuscles. They oe- 
:aire color, and uulorge to the uuriual tilzv oC red corpuaclos. 

Without doubt, the red corpuscles hare, like all other parts of the 
i«mv ft tolerably definite term of existence, and in a like manner die 
iriistfl away when the portion of work allotted to them has been per- 
furnied. Neither the length of their life, boweTer, nor the fiwhion of 
their decay has been yet clearly made out. It is generally believed that 
a c-crtaiii number of the red oorpuacles undergo dieinU'gratiun in tlio 
qitoen; and indeed corpuacles in various degroos of degeneration hare 
been observed in this organ. 

Origin of the Colorless Corpuscles.— The colorless corpuscle* of 
the blood are derived &oni the lymph corpuscles, being, indeed, iudistiu- 
^aiabablo from them; and tbeeo come chiefly from the lymphatic glaudd. 
heir number is increaaed by division. 
Colortesd corpuscles are also in all probability derived from the spleen 
and thymus, and also from the germinating endothelium of a'rous nu>m- 
bmnef), and from connective tissue. The corpuscles are carried into the 
blood either with the lymph and chyle, or pi)£S din-ctly [mm t)ie lymphatic 
ill vliich liicy have been formed into the uuighboriug blood-vewoJa. 
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1. To be a medium for the rewption ami storing of matter (ordinary 
food, drink, and oxygen) from the outer world, and for its conveyance to 
all porta of tbe body. 

2. To be u source whence the various tisanes of the body may take the 
materials necessary for their nutrition and maintenance; and whence 
•lie secreting oi^ran* may take tho constituents of their various secretions. 

Z. To bo a medium for the absorption of refuse matters from all the 
««, and for their conveyance to those organs Trhose function it is to 
aoporatc them and cast them out of tho body. 
4. To warm and moisten all {lorts of the body. 




Us£8 OP TUB Varioits CoxsTirirENTS OF THB Blood. 



^V Alhumeii. — Albumen, which exists in so large a proi>ortion among the 
^nhiof conrtituentJi of the Mood, is without doubt mainly for the nourish- 
^nicnl of tbo«e textures which contain it or other compounds nearly allied 
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FUrin. — In conBidering tho funclionB of fibrin, we may cxclttdo tie 
notion of its exietciici>, as such, in Uii; blooil in n fluid state, and of it« nre 
in the nutrition of certain sjicciul textareii, and look for the explanatiou 
of its ftmetions to those circumstances, whether of health or diecase, 
under which it is produced. In ha'morrhage, for example, the formatiDii 
of tibriu in tho clotting of hlood, is the means by vbicb, at least for • 
time, the bleedinjt ts restrained or stopped ; and the material or bUwtema 
which ia produced for tho permanent healing of the injured part, con* 
tiuna a coagiilable matcryil identical, or ver)- nearly so, with the fibrin of 
clotted blood. 

Falfi/ matters. — The fatty matters of the blooil subserve more than 
ono pQr|}OBe. For wliiht they nre the nicana, in part, by which the fat of 
the body, so widely distributed in the proper adipose and other textnie*. 
is replenished, they also, by their union with oxygen, assist in maintain- 
ing the temperature of the body. To certain secretions also, notably the 
mi]k and bile, fat is contributed. 

iSalim Matter. — The uses of the saline constituents of the blood are, 
first, to enter into the composition of such textures and secretions as natn- 
rally contain them, and, secondly, to npsist in preserving the due speriflc 
gravity and alkalinity of the blood, and in prerenting its decomposition. 
The phosphate and carbonate of sodinm, to which tho blood owes it* 
alkaline reaction, increjise the absorptive power of the serum for ga««. 

Corpjisclec. — The important use of the red corpuscles ia in relation U> 
the abeorption of oxygen in tho Inngs, and its conveyance to the llBsnciL 
How far the red corpuscles are actually concerned in the nntrition of tho 
ti^nes is quite unknown. 

The relation of the colorless corpnscles to the coagulation of the blood 
hiE been already considen-d; of their functions, other than are concerned 
in t\m phenomenon, and in the regeneration of tho red corpoadeB*^ 
nothing is positively known. 



f^ CHAPTER V. 

THE cmCULATION OF THE BLOOD. 

Tbs neart is a hollow mnscular orgaD containing fourchatnben*. two 
^atuicles and two veiitriclea, arranged in pairs. On each aidv (riglit and 
ttt) of the heart is an aaricio joined to and communicating vith a ven- 
'trirlfl, hut the chamhors on the right aide do not dirprtly rommuniraio 
with tboae on tbo left side. The circuktion of the blood is cluefljr 



Flu. SO.— Itiii^riUii "f 111" L'i.-vuliil i'"iL 

iiried on by the contraction of the mimnular walls of these cbamb^rs of 
the heart, the anriclc« contracting simuItaneonBly, and their oontraction 
Iwing (oUuved by the BimHlUiiieouB coutnwrtion of the ventrict«fl. The 
blood i» conveyed away from the left aide of the heart by the art*rif», 
and returned to the rip^ht dido of the heart by the vein«. the artericn ami 
Teiiu being continaous vitb each other at one end by mcana of the heart, 
and at the other hy a fine network of vessels called tlio capiliartM. The 
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hiood, thmfony in iu jiwmmgt from the heart paww fint into the artcnH^ 
then into the cMpiUaiiet, Uhd ImmHj into the Teini. hj which it is G«a- 
TSTrd back again to the heart, thtu oonpletiBg a retvtution or ctiwAi/iiiii. 
The right side of the heart doea wii directtr rommnnkmte with tbe 
left to complete the entire ctrctUatkm, bnt the blood has to paas from the 
right side to the langE, through the palmonai? arteir. then through tbe 
palmonsf^ eapiUBi7-TeeaDl£ and thruugh tbe polmouary T«itts to the left 
aide of the hwt. Thtu there are two circntation* by which the blfwd 
mutt paja; the ^ne, a shorter circoic from the right side of the heart t« 
the lungs and bftck again to the left »ije of the heart; the other and 
larger circuit, from the left side of the heart to all parts of the bodr utd 
hack agun to the right side; bnt more strictlv epeoking, there is only »jv 
oonplete circulation, which may be diagrammaticallj represented bj a 
doable loop, tM iu thu acoonipanpug figtue (Fig. 90). 



i 



i 



^ 



R'lttitLuaK-. 



PiilnwMj 
AitaiT. 



•I^cftUnc. 



HoMt' 



Wia. tl ~>TlMr of hntrt and liiM* I" "'>>' TIu front pMikm of the «bn>i-«nU], mnA the oiiHr or 
parltlaJ iMfW* of tbn iilvurn uid pviitmrdlum tiavn bwxi rrmoTWl. Tti» Uxag* an* iwitlv i»lla|*ied. 

On reference to this figure, and noticing the direction of the arrows, 

which repre«ent the course of the strffim of blood, it will bo obwrred ■ 
that while there is a smaller and a larger circle, both of which pus " 
through (ho heart, yet that these are not distinct, one from the other, but 
(ire formed really hy one continuous strejim, the whole of which must, at 
one part of its course, pfuts ihrnugh the lungs. Subordinate to the twu 
principal r.'irculiitiong, the Puhtionary and Sysfemicy as they arc named. 
it will bo notifxnl alsn in the same lijjuro Ihul; ihtiv is another, by which 
a portion of tlic etruani of bhxid having been diverted onco into the c«i>- — 
illarteH of the intestinal canal, and some other organs, and gathorGd up J 
oguin into a singlo slream, is a second time divided in its |>asBage through 
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the liver, before it finall; reaches the heart and coinplet«e a rerolutioa. 
This subordinate Btream through the liver is called thu J'urial circuhitiou. 
The Forces concerned in the Circulation of the Blood.— (i) 
The princii>al force i»ruvide(l for constantly moving the blood through 
the cour» of the circulation is that of the muBcular snbetance of the 
)M*rt; other auietant forces are {i) those of the elttntic wnlU of the arte- 
rie«T (3) the pretwiire of the musclas among whieh mmv of the vciixs run, 
(4) the moTenientB of the walls of the eheet in rosiiimtion, iind probftbly, 
to Bome extent, (5) the intercliauge of relstjonit between the blootl and 
the titisnee which occurs in the capilliOy Byeteoi during the nutritivo 
procf 



Thu Hbaht. 

The Pericardium. — ^Tho heart is invested by a membranous sac- — 
the pericardiam, which is made ap of two distinct ports, an fxterttal 
fibrous memlmme, eomiWBwl of clow'ly interlacing fibn-s, which has it« 
boBo attached to the diaphragm — both to the centrnl tendon and to tlio 
adjoining muscular Gbrecj, while the mualler and upi>er end is lost on the 
large blood-vessels bv mingling ite fibres with that of their uxtenml coato; 
and an internal wroiu layer, which not only lines the fibrouit au-, but also 
is reflected on to the heart, which it completely invests. The part vhioh, 
linee the fibrous membrane is called the parietal hiyor, and that encloeing 
the heart, the visceral layer, nnd these being continuous for a tihorcdisttince 
along the great vessels of the base of the heart, form a closed sac, the 
cavity of which in health contains just enough fluid to lubricate the two 
mrfaccfl, and thus enable them to glide smoothly over ouch other during 
the movements of the heart. Most of the vosbcU passing iu and out of 
the heart receive more or Il'm iuv(»ftment from this sac. 

The heart is situated in the chest behind the sternum and costal oar- 
tflagv, being placed obliquely from right to left, quite Iwo-thinbt to the 
left of the mid-stemnl line. It ia of pyramidal shape, with the aper 
pointing downward, outward, and toward the left, and the base backward, 
inward, and toward the right. It rests upon the dinjihntgm, and its 
pointed apex, formed cxduHively of the left aide of the heart, is iu con- 
tact with the chest wall, and during life beats against it at a point calleil 
the apex hfai, situated in the fifth intercostal space, about two inches 
below the left nipple, and an inch and u half to the sterual side. The 
beart is nisponded in the chest by the large vessels which proceed from 
its base, but, excepting the btkse, the organ itwlf hes free iu the mk of 
tho pcricardinm. The [lart which rests upon the diaphragm ii; flattened, 
•nd is known as the posterior surface, vbiUt tho froo nppcr part is called 
the anterior surfaco. The margin towani tho left is tliick aud obtuse, 
vhilst tho lower margin toward the right is thin and acute. 
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On examination of the external anrfuce tho division of the heart into 
parts which carrespond to the chambers ituiide of it may be tmood^ for a 
deep transverse groove called the auriculo-voutriculur groove diridis tb^i 
auricles which form the base of the heart from the Teutricleii which fonn 
the remainder, including the apex, the ventricular portion being bj- fai 
the greater; Mid> again, the inter-routncular groove runa between tbc 




no. «.~Tho rlirhi BUrifloftint ^-wjCrlcIe cipenprt, and a imrt of tlirlr rtirht kdiI anurtomUti^ 

mOTi-at. wi IM to :klirtiiv Ihi-ir liili-cinr- ?V— '- ■>lp<'rii>r vrim i^vn; -J, Inri-Hnr TriM C***: T. iwptUt 
Trim cut tihiirt; S. rlirlit auilL'lc: S'. pliu.'V'l (n ihi> f.Mut ovtUlx, iHilun- hIiIoIi u> tli« EuMctilaii nHK 
8*. bi pJ«cnl drw t^i thr aprrl.urc iif Llir i.-uniruuy vriri: ' . • , r>liiii>l In llir anrlculn-vrntrkalltf 
sroWL'. wbnrv a iinrriiw poninDof UiHnlJan-(i.iwiim nf ihp aitrlr'Ii- Ami vi<ntri4.>le Iuih iMvti prvtwrftd: 
4, i. i«vlly rrf Ihi- ni!lit vpiitritli', Ihi- utF|n-r ttguri- la llilTni-iiin1i-ly Ik-1liiv tin- wmlliiuor viUvi«; I', 
tftfvi- (iiliimriA iiu'Divu IT ■iiiiwiildh [■HTillNmi-: '>, -V, V, irlin»|-|[| inlvi-; ii, jilncnt m ili»luu?i'lur (4 U* 
imliiii>iin.ry urt^ry, a port uf Uie (Uilerwr wall <)f Ihal vi-«<-l lutvluf b^eri n-ionveU. lunl ii luuTaw per 
t ion of II prMpntilBlluoanimwiafUmiT-, wlii-rf ilKxutinlluiuurTMVM ar« MtMihecli T, vouvkri^ «l 
tli<-n')rtlL:nri<hi--Iairtat})i>e«da(lhediu-tiu>anrri<»iu; 8. Mwodtiiie PaK or riniu of Ibo >rch txiv- 
ared «l UK lAiuiniMioMiiHil by theiurlcular ajipi-DiUx luxl puliucniUT*rMnr: 9l placed between Ibt 
lmiafnliui.U- unci left (-iiroLM iirtrrln; 10. upprudls ot the Ifrft auricle; 11. if, (be ouUido of IW bA 
Tcniilole, Uw lower riffurc near itie qH.<X. UUra TIknumo.) 

Tentriclos both front and back, and separates the one from the otlin'. 
The antorior groove is nearer th? left mnrgin and the posterior nearer the 
right, as tho front (nirfiwie of the hoart is miule up chiefly of the right 
Tentriclo and tho poatcrror snrfat^e of the left ventricle. In tho furrowa 
run tho coronary veswi.';, whirh HUi)ply tlie tiseue ()f the heart itself with 
hlond, ae well as uervoa and lymphatii::^ iinboddcd in more or leas fatty 

tiBBUO. 



I 



^ 



CIRCUtATlON OV THE BUH>D. 



105 



The Chambers of the Heart. — Tho intorioiof th© heart is divided 
"by a partition in sac}) a manner as to form two chief chambers or cavities 
— right and left. Etuth of these chamVra U a^nin Bubdividcd into an 
ii|)]M.'r and a lower portion, culled respectively, as olreiidy incidentally mcn- 
ttoneil, auricle and ventricle, which freely comnuniicate one with thu 
other; the aperture of coninmnication, however, being guarded by valves, 
ao disposed us to allow bloixl to puss freely fn>m tliu auricle intu the ven- 
tricle, hot nut iu the oppusitu direction. There ore thus four cavities 
altogether in tho heart — two auricles and two ventricles; the auricle and 
ventricle of one side being quite separate from those of the other 
(Fig. 90). 

Right Auricle. — ^Tho right aoricle is situated at the right part of 
tho base of the heart as viewed from tho front. It is a thin walled cavity 
of more or leas quwlrilat^'ra] fthn{H* prolonged at niiu corner inL3 a t«ngue- 
■haped portion, tho right auricular appfudix, which slightly oveHaiw the 
exit of the great artery, the aorta, frum the heart. 

The interior is smooth, beiug lined with the guueml lining of the 
heart, the tndoeardium, and into it open the 8U|>eriur aud inferior veuw 
cavn>, or great veins, which convey the blood from all parts of the bo<ly 
to the heart The former is directed downward and forward, the ktier 
Qpvard and inward; hotweon tho entrances of these vessels is a slight 
tubercle called iubrrcie of Lower. Tho opening of the inferior uiva \* 
protected and partly covered by a membrane cidled the Euniachian rtihr. 
In the posterior wall of the auricle is a slight depression called tho 
/oB$a omits, which corresponds to an opening l^etwoon tlio right ami left 
auricles which exists in fcetal life. The right auricular appendix is of 
cTul form, and admits throe fingers. Various Teius, including tho cor* 
onary ninus, or the dilated i>ortion of the right coronary vein, open into 
this chamber. In the appendix arc closely set elevations of the mnscniur 
tiasne covered with endocanlium, and on the anterior wall of the auric-le 
an similar elcTations arranged parallel to one another, colled miueuH 
feetlnati. 
K^ Right Ventricle.— The right ventricle occupies tho chief part of the 
^Hnterior aurCace of tho heart, as well as a small port of the posterior siir- 
^Rbce: it jfoniu the right margin of the heart. It takes no part in the 
formation of the apex. On section its cavity, in consoqucuce of the 
encroachment upon it of the eeptnm ventriculorom, is semilunar or cro- 
sceotic (Fig. 04); into it are two openings, the anriculo-ventricular at 
the baM^ and the opening of the pulmonary artery also at tho base, bnt 
moro to tho left; the {Hirt of the veutricle leading to it is called the eontu 
arteriosus or in/uHtHMum; both uriQccs are guarded by valves, the 
former called tricuspid and the latter temitunar or aigmoid. In this 
tcntricle are also the ]>rojcctioiis of the muscular tissue called eoiumme 
tm&a (described at length p. 110). 




10« 




HANI>- 



Left Auricle. — Tlie left auricle is litusted at Itie left and poeterior 
part of tlie biu<« uf tlin lioart, and is beet seen from bebind. It is qoadn- 
lateral, and receives nn either side two puImonaTi' veios. Tbo aurictUar 
ap)>ondix is the only part of tbu uui-iclo Been from the front, and oonv- 




Flo. It).— Thr li-rt ojini-lr ami mitHol^ onrtir-d ami a jtarl tit IbelT Mtcrlor Md IcA waUkrr- 
IB9VM1, ^— Th»piilriii>itiLt-i-iiji<'rv tuu I'niwn iiivliU'il ni Iih ci'iiimmcsMiMait; thm oppnhi> |bU> tkvWl 
Vmtricle tivHi^ B ?.linn ijintniior irit-' tli<- lUirU t>rl»*<-i-n luiMif UwaMaMBtBOf IIWMIiAuiUVfkltf^ 
Mml tholtfl part of [hi> aurleli'ulih Iw aiipKnihi tiiu Inwii rrai)iiVKl. Tria rtebt aurldB (a mn of *('*'. 
I. ihr (»<-' nehc pulnu>nAiT vi-Uu eiii Atunrt; (ht^'lr opMilnx* Are mh'b wiiKln Uiv uirM»: 1', nlKad 
wliWin ihi' cuvliv of ihi- nurlolt- ivri Ihn l«([ ijilr- of tha Mtptum ftnd cm tlw jian wbicb farno ai* r» 
moJuHr-f (he valve or thr rnrainm i>raLt^. ot vthicJi (Iw creaoenlle Fold Is nfm toward tlMleft lwnl<< 
r; 2. u norrnir jKirlinn of ihi> waU uf clni- niirlu'lp v>d renlriaW pnavrvrd rouiai Um MirluMiu f 
trtouiar nririii?: ^8'. tlitcut mirf mv of th^ frall>iorUi^TM)ll1ete.«nilP twomarenrniiMfttUBBcr 
IvwnrrU'.at (IwaH-x; 4, Kfuimll |ian of ilif anlvnor wftU of tb« Itrft venlriclp wbicb hw li^vM pr^ 
•rmtl hiIIj Hi-- |irIm-(jiaL antirlnr ratiiiniut cnnu-aor iiiiwrulus puiiIlbkriA atUcIiMl Ui il ; W aamsM 
pBptlLar<«: ft'. Ilw l^-tc gJdf of Ui* Mrptum, bdwwn Uw t«o TPWtrid**, vlUilu tlw- mriij n( the loft 
vefitrii'tr: 6. 0'. llie luitntl rolrc: 7. jitMrct In Ifai- [ntrrior of Hit' tturtA Bemr n» Mnniiiviionumt aod 

■ ' •'-ItTTT ri^ffiimin nf llii ■ininnnnr " '" "T h r^- ^ I'lrt'ir ]i>tm^ ttigrthn: T'.tim ^^- 

of tbf icrMlaorUcolDua; B, Uwrootof thi- |»iljii'<iinr) nii«ry aiKritaMfnUiiiuir vdvn: V, tbe 
m«>d porUoD of thr pulmoaaiT «rt«tT mmUniaK aitochvd iv Uio ourU br d.Uw ourd of Uw ' 
VtertoBUs: 10, tlieiirUirtearUdniifrumUuiBUiuiuit of Uip aottlc arcli, lAUtii ThMaMA.) 



■pondfi with that on the rif^ht side, hut is thicker, and the interior is more] 
smooth. The loft auricle is only slightly thicker than the right, the dif-j 
ference being as 14 lines to 1 line. The left an ri<nilo- ventricular orifioej 
is oval, and a little anialler than that on the right side of the heart. 
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F-O H— Tmiwnww rnKtUia trf huUock'a 
hitm lu a »t«ir of cfdavOTtc rinuw. a, 
i-«vHj of kfl n-aU1t». h.tmit\lfVlrt^V 
veuUIClti. lUkUoB.1 



There ia a sligbt vvstige of the foramen between the auricle*, vhicli 
exute in fwtal life, on the Be]itum between them. 

Left Ventricle. ^Thfjiigh tjiking part to o compnrstivcly alight 
exU'iit in tiie anterior uurfiire. the lefl ventricle oc-ciijiius the cliii-f imrt of 
the posterior sarfaue. Iii it uro two ojientnga very close together, viz. 
the anriculo-Tentricular ami llio uortie, guiuriieil by thu viulvus corre- 
sponding to those of the right ^ide uf 
the heart, viz. the bicufpid or mitral 
and the semilunar or siptnoid. The first 
oiwning ia at the left and back i>art of 
tlie Istfu of the ventricle, and the aortic 
in front and towani the right. In this 
Tentrielc, a& in the right, are the co- 
lumnie cameie, which are Emaller but 
more closely reticulated. They are 
chiefly found near the apex and along 
the pMlcrior wall. Tiiuy will bv ugaiu 
referr»J to in the description of the valrca. The" walk of the left ren- 
tricle, which are nearly half an inch in thickness, are, with the exceptiou 
of the apex, twice or three times a^ thick as those of the right. 

Capacity of the Chambers. — The eapaeitij of the two ventricles 
is about four to «ix onnces of blood, the whole of which is impelled into 
their RspectiTe arteries at each contraction. The rapacity of the anrii-lea 
is rather leaa than that of the ventnck-tt: the thieknees of their walls is 
considerably lesB. The latter condition is adapted to the snwll amount 
of force which the auriclea require in order to empty thomselres into their 
atijoining ventricles; the forna-r to the circumstance of the ventricles 
being partly filled with blood before the aiiriolea contract. 

Sire and Weight of the Heart.— The heart iA alrout 5 inches 
long, 3i inches greatest width, nnd 2^ inches in its extreme thickness. 
The avBrape weight of the heart in the adult is from fl to 10 onnces; ito 
weight gradually increasing throughout life till middle ago; it dimlui^hes 
in old age. 

Structure. — The walls of the heart are constructed almost entirely 
of layers of muscular fibres; but it ring of connective tissue, to which some 
of the moscnlar tibres are attached, is inserted between each auricle aud 
rentricle. and forms the boundary of the auricttlv-ivntririiitir opt-ning. 
Fibrous ti-wue also exists at the origins of the pulmonarr arten* and aorfa. 

The muBcnlar fibres of each auricle arc in part continuous with those 
of the other, and partly Bepamte; and thusnme remark holds true for the 
rentriclea. Tim fibres uf the auricles are. however, (juite 8e|ianile fmra 
those of the ventricles, the bond of connection between them being only 
the fibroua tissue of the auriculo-rentricular openings. 

The muKuhu* fibres of the heaul, unlike tho«u uf most of the involun- 
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tar; mQBcloB, are striated; but although, in this rcspeot. ibej resemble 
the skeletal musulcs, thoy hare (listing uishiiig ctiursctomtics of Clieir Dim. 
Tliu llbros which lie side by side arc united at frequent intcrralB by Aon 
brancbcB (Fig. 95). The fibres are smaller than those of the ordioirr 
striated muiicleii, uiid their striation is Itm marked. Ho sorcoienuiia can 
b« discerned. Tlie mutscle-coqjtiscles are situate in the middle of the 
siibBtaiicc of the fibre; and in corrGspondencc with these the fibrca ap{var 
under certain conditions subdivided into oblong portions or "oella," ilif 
off-sets from which are the meaiia by which the fibres unoatomoee oiici 
with fttiothcr (Fig. m). 

Hndocardium. — As the heart is clothed on the onteide bj n thin 
trunsparent layer of jwricardiuni, mj its euTitiea are lined by a smooth and 






ria. K. FuL g&. 

Fia. S6.— NcCirock of nnwculnr Bbrea (atrUH4^!t fnwn Ou> he»rt at & ril*. The hikM of Uie ao- 
«lo«om«etn w w«ll shown. >. 4M. ilunin And Noble limUlL) 
Fia. M— Munoulw abn »lla troot tho hoArL llC. A. SUUm-.I 

shining memhranu, or e7idocardiirm, which is directly continuous with tbe 
iuicnial lining ot the arteries and veins. The endocardium is composed of 
connective titisue with a largo admixture of etoAtic fibres; and on its inner 
surface in laid down a single tessellated layer of flatteneil endothelial coU& 
Here and there unstriped muscular fibres are soniotinies fonud ia tl 
sue of the endocardium. 

Course of the Blood through the Heart. — The arrangement 
the heart's valvi'H isi t^m^li that thu blood can poBS only in one direction, 
and this is as follows (Fig. i)7): — From the right aurirde tbe blood pasaes 
into the right ventricle, and thence into the pulmonary artery, by wbicb 
it i-i conveyed to the capillaries of the lungs. From the lungs tbe blond, 
which is now purified and altered in color, is gathered by the pulmonnrr 
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Veins nud taken to the left auricle. From the left Attricle it pMSM into 
the left Tentricle, and thence into the aorta, bv which it la distributed to 
tho oapillarics of every portion of the bo<ly. The branches of the aortjt, 
frr>m beine distribute*! to xhv general BVStem. are called itijsfemic urleHe*; 
aiul from these the blood pn^acB into tho syntetair eapilUries, wheru it 
a^tn bocomes durk and Impure, and tlience into tho branchca of th^ 
tyatrmie reins* wiiioh, ruriiiiag by thtir union two large tnniks, failed 

^'tlK superior and inferior renu cava, dii<^L-tiargo tUcir contents into the right 

' anricle. whence we supposed the blood to etiut. 

The Valves of the Heart.— The ralve between the right auricle 
and ventricle is named tn'cusp-id (5, I-'ig. *J'J), becanse it jiresent* three 
rincipal ouspa or subdivisions, nnd thai between tho left auricle and ven- 




Fw. W.— OUjrrun of the OnviaUoa thrvugb. Ui« tiran. i LMdUa.) 

tricle btetupiei (or mitral), because it lias trvo such [lortions (6, Fig. 93). 
Bat in both valves there in between eaf^h two prinpipal portions a smaller 
one; m that more properly, tho tricuspid may be described as consisting 
of six, am! tlie mitral of four, portions. Each portion is of triangular 
form, iu apex and sides tying free in the cavity of the ventricle, and its 
baae, which is continuona with the bases of the neighboring portions, so 
u to form an annular membrane around the auriculo-ventricul«r open- 
ing, being fixed to a tendinous ring which encircles tho orifice between 
the aoricle and rontricle and recoires tho insertions of the mnscnhir Sbroa 
of both. In each principal cu?p may be distinguished a middle-piece, 
extending from ito biu% to its apex, and including alHiut half it« width, 
which is thicker, and much tougher and tighter than the border-picoos 
edges. 
While the bases of the several portions of the valves are fixed to the 
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tendinous rings, tlieir Tentricular Burfaoes and bordors are fastened bj 
Blomler tendinuus tibroe, the chorda leHditira, to the walla of the \cnln- 
dee, the miisculur fibres of vhich project into the ventricular cavity in 
the form of buiidli;^ or oolonins — iXw columMB camea. These colamtis 
are nut all of them alike, for while some of ttieni are attached along tbcir 
whole length on one cido utid by iheir extremitie&, olliers are attucfaai 
only bj tlieir extrL-mitie^; and a third aet, to vhich the name nin«cv/i' 
papillarts hua been given, are attached to the wall of the ventricle br 
one extremity only, the other projecting, |iaptl la-like, into the carityof 
the ventricle {o. Fig. 93), and having attached to it rJtortlai trmihiMt. 
Of ihc tendinous conU, besides thui^e which pass from the wjiUa of lbi> 
ventricle and the muscnli papillurea to the margins of the valvoa, then 
arc some of especial strength, which i^o&s from the same parts lo the edj;a 
of the middle and thicker portions of the cnsiw before referred ta The 
ends of thew cords are spread out in the substance of the valve, givinir 
it« middle piece it« peculiar strength and toughness; and from the sidts 
numerous other more slender and branching oorda are given off, which 
are attached »I1 o\'er the ventricular surface of the adjacent bordcr-pi(^«a 
of the principal {lortiona of the vtdveit, aa well as to those smaller portlotu 
which have been mentioned m lying between each two princijuil on«. 
Moreover, the muscnli pupillarea are so placed thai, from the summit of 
each, teudinous cords proceed to the adjacent halves of two of the pria- 
cipal divisions, and to one intermediate or smaller divisiou. of the valve. 

The precedin<! description applies ecjUHily to the micnil and tricueiMil 
valve; but it should l)e added that the mitral is considerably thicker and 
stronger than the tricuspid, in aocordauco with the greater force whidi 
it. is culled \ipon to resist 

U )uis Ihtii already said that while the ventricles comniuiiicute, on the 
oivQ haud, with the auricles, they communicate, on the other, with tlw 
hirge (Uteries which convey the blood away from tiie heart; the right ven- 
tricle with the pulmouary artery ('J, Fig, 93), which conveys blood to the 
lungs, and the left ventricle with tho aorta, which distributes it to ibtt 
general system (7, I'ig. 03). .\nd as tho aiiriculo-vcntricular orifice i* 
guardcil by valves, so are aUo the mouths of tlie pulmonary artery, awl 
Hortii (Figa. !i:i, It'.t). 

The Bcmiluiuir valves, three in nnmbci'. guard the orifice of each of 
tliCBO two iirteriee. They are nearly alike on both sides iif the heart; hut 
those of the aorta are aitogi-tlior thicker ami more atrongly conslmctcd 
than those of the pulmomiry urt(>ry, in nccnnlance with the greater pn«- 
aure which they have to withetaml. Kach valve is of semilunar sliape, it» 
convex margin being aliunhed to a fibi-ous ring at the place of junction 
of the artery to the vfutriclc, and the concave or nearly straight Imrder 
being free, iw that each valve forms h little j>ouc;h like a untch-iioekct 
(7, Fig. 93). In the centre of the free cKlge of tiio valve, which contains 
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i fine cord of fibrotu tlsftae, is a amall fibrous uoUiite, tlie (vrpvs Arant\%, 
aiid from this and from the attached border fine fibres extend into every 
part of the mid aubstaucc of the vaWe, excejit a small lunated space just 
within the free edge, on each side of the corpus Arantii. Here the valve 
|di thitineiflt, and conipcMod of tittle more than the endooinltum. Thus 
'eonstTDCtcd and attacliod. the three semilunar valves are phierd side by 
aide arouml the arterial orifice of each ventricle, so as to form three little 
pouches, which •mu be euparated by tlie blood i>assing out of the veiLtrlcle, 
but which immedtntely afterward are pressed together so as to prevent 
auy retum it. Fig. 93, and 7, Fig. ^9). This will be again referred to. 
Opposite each of the ^emihiitar cusps, both in the aorta and pulmonary 
artery, there is a bulging outward of the wall of the vessel: these bulg- 
Inj^ are called the ninuseg of VaUalva. 

Structure of the Valves.— The valrea of the heart «re formed es- 
•Biitially uf tiiiuk layers of (du«ely woven conneotiTe and elaatiu liHsue^ over 
which, on every part, is reflected the endocardium. 



The Action of tuk IIba&t. 

The heart's action in propelling the blood consists in the sacceaiire 
alternate contraction (systole) and n'laxatlon (diastole) of the muscular 
walls uf its two auricles and two ventriclt'S. 

Action of the Auricles. — The description of the action of the heart 
may I>u8t Ik; conunencc^l at thai period in eaidi ut^tion which immc<li- 
ately precedes the beat of the heart against the side of the eheet. For at 
this time the whole heart is in a passive state, the walls of both auricles 
and Teotricle* arc rolaxe<I, and their cavities are being dilated. The auri- 
olea ore gradually filling with blood flowing into them from the veins; and 
a portion of this blood passes at once through them iuto the ventrictoe, 
the opening between the cavity of each auricle and that of ita correspond- 
ing ventricle being, during all the pauta, free and patent. The auricles, 
however, receiving mure blood than at once paases through them to the 
ventricles, become, near the end of the pause, fully distended; and at the 
end of the pitnse, they contract and expel their contents into the ventricles. 

The contraction of the auricles is sudden ami very quick; it eommencee 
at the entrance of the great veins into them, and is thence propagated 
toward the auricuIo*vontricnlar opening; but the lii*t part which contracte 
u the auricular appendix. The effect of this contraction of the auricles is 
to quicken the fiow of blood from them into the ventridee; the force of 
liteir contraction not being sufficient tinder ordinary circumstances to 
auue any back-Sow into the veins. The rellux of hluud into the great 
TeiiM iSj moreover, resisted not only by the mass of blood in the veins and 
the force with which it streams into the aurielee. hut hI-so by the simulta- 
neous contraction of the mnsculur coats with which the large veina are 
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provided near tboir entrance into tbo auricIoK. Any slight regurgitaUon 
from the nglit auricle lb limited also by the valres at tbo jimction ofthi- 
enbclariau anil iuteriuU jugular veins, beyond which the blood canuut 
more backward; and tbe coronary vein is preaerred from it by a vaire at 
its mouth. 

In birda and reptiles regurfptation from the right anricle is prereottd 
by valves placed at the entrance of tlie great veins. 

Daring the anricukr contraction the force of tlie blood propelW 
into the ventricle k transmitted in all directions, but >jeing insafticieitt 
to Re]mrale the semilunar valves, it is expended in distending tbe veo- 
tricle, and, by a rcfluT of the cnrrcnt, in raising and gradually closing tbd 
auriciiliHveiitricular vaJvra, which, when the ventricle is full, form a com- 
plete septum between it aiitl the auricle. 

Action of the Ventricles.^Tho blood which is thus driven, by the 
contraction of tliL- auricles, into the cornrejionding ventricles, being added 
to that which had already flowed into thew during the heart's pause, » 
sufficient to complete their diastole. Thus distended, they iramedtateiy 
contract: ao immediately, indeed, that their systole looks as if it wen* 
continuous with that of the auricles. The ventricles contract much more 
slowly than tho auriolea, and in their contraction probably alwsT* 
thurouglily empty thomsclves. differing in this respect from the anriclK, 
in which, ovoii after their complete coutniction, a sniall quantity of blood 
remains. The shape of both ventricles during systole undergoes an alter- 
ation, the left probably not altering in length but to a certain degree to 
breadth, the diamolers in the plane of the base being diminished. The 
right ventricle does actually shorten to a amall citent. The systole hm 
the effect of diminishing the diameter of the base, especially in the phini^ 
of the aiiriciilo*ventriciiIar valves; but the length of the heart as a whol« 
is not altered, (Lndwig.) During the syetole of the ventricles, too, ilio 
aorta and pulmonarj' artcrj', being filled with blood by tho force of tlto 
ventricular action against considerable resistance, elongate as well as ex- 
pand, and the whole heart moves slightly toward the right and forward. 
twisting on its long axis, and exposing more of the left ventricle ante- 
riorly than is nsnally in front. ^VTien the systole ends the heart resumes 
it.<) former position, rotating to tho left again as the aorta and pulmonary 
artery contract. 

Functions of the Auriculo-Ventricular Valves.— The disten- 
sion of the vuntrities with hlo<«l coutimies throughout the whole [leriod 
of their diastole. The auricnlo- ventricular valves an; gradually brought 
into play by some of the blood gettitig behind the cnsps and floating them 
up; and by the time that the diastole is complete, the valves are no doubt 
in apposition, the compliction of this being brought abont by tbe reflex 
current caused by the systole of the anriclea. This elevation 
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riculo-TentricuIarvftlvM ia, no doubt, materiiiHy iiided by the action of the 
elastic tissue which hmi b«en ahown to exist bo Inrgcly in their stniutiira, 
eepecially on the aunciilur surface. At any rate at the commencement 
of the Tentricular Hyslole they an> completely closed. It should be rccol> 
lected that tlie diminution in the breadth of the base of the heart in ita 
tranaverae diametcrB during ventricular syatole is especially marked in the 
Deigbboriiood of the auriculo- ventricular rings, and thus aids in render- 
ing the auriculo- ventricular valves competent to clo« the openings, by 
greatly diniiuishing their diameter. The margins of the cusps of the 
Tklves are still more secured in appoeition with another, by the simulta- 
neous contraction of the nrnsculi papilkros, whose ohordac tendinea^ have a 
special mode of attachment for this object (p, 110). At in the cai<e of 
tile somitunar valves to be immediately deBcribed, the auriculo- ventricular 
Talvee meet not by their etit/es only, but by the opposed surfaeex of their 
tbin outur borders. The semilunar valves, on the other hand, which are 
ekwid in the intervals of the ventricle's contraction (Fig. 92, G), are 
foroed nptirt by the same pressure that tightens the auriculo- ventricular 
Talvea; uud. thus, the whole force of the contracting ventricles it) directed 
to the expulsion of hlood through the aort^i and pulmonary artery. 

The form and position of the fleshy columns on the internal walls of 
iht ventricle nn doubt hel]) to produce this nhlileration of the cavity dur- 
inx their contraction; and the completeness of the ctoauro may often be 
ofaaerved on making a transverse section of a heart shortly afl«r death, tn 
any case in which the contraction of the rtffor mnrtis is very marked (Fig. 
9-i). In such a case only a central Beeurc may be disceniible to the eyo 
in the place of the cavity of each ventricle. 

If there were only circular fibres forming the rentricalar wall, it is 
rffrident that on systole the ventricle would elongate; if there wero 
%n]y longitudinal 5bros the ventricle would shorten on systole; but tliero 
are both. The tendency to alter in length is thns cotinterbalanced, and 
the whole force of the contraction is exjiendeil in diminishing the cavity 
o£ the ventricle; or, in othor words, in ex|H'lHng its contcntH. 
b On the conclusion of the systole the ventricular walls tend to expand 
Ty virtue of their elasticity, and a negative pressure U set up, which tends 
to suck in the blood. Tbie negative or suctiona] pressnre on the left aide 
of the heart is uf the highest importance in helping the pulmonary cfr* 
dilation. It has been found to be eqnal \n 23 mm. of meicurj-. and tg 
(juite inde|iendent of the aspiration or snction power of the thorax in Hid- 
ing' the blood-flow to the heart, to bo described in the chapter on Respira- 
rn. 
Function of the Musculi Papillares. — The special function of 
&» wmaeuli papiQareg is to prevent the auriculo-vontricnlar valTp« from 
being everted into the auricle. For the chonlie tendinea; might allow 
the valves to be prrased back into the auricle, were it not that when the 
Tot. I.— 8. 
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wall of the ventricle ie brought by its contraction nearer the tturicob- 
routricular orifice, the muttculi papillares ciure than compcnsato for thk 
by their own contraction — holding the cords tiglit, and, by pulling dom 
the vuJvw, adding slightly to tlic force vith which the blood is expelled. 

What lias been suid applies equally to the auriculo-veutrictilur roltee 
on both sidea of the heart, and of both alike the closure is gf^uerally com- 
plete every time the ventricloB contract." But in some circumstances lie 
cloeure of the tricuspid vulve is not complete, and a certain quantity of 
blood is forced h)u;k into the auricle. This has been called the Ai/Wy* 
vaim action of this valve. The circumstajioes in which it usually happeni 
are those in whit^li the veasela of the lung are already full cnongb when 
tlm riglit ventricle contrautB, as e.^., in certain pnlmouury diaoaaee, io 
very aetiro exertion, and in great efTorts. In these cases, the tricaR{itd. 
Talve does not completely close, aud the regiirgitAtion of tbo blood but 
be indicated by a puUation in the jugular veins synchronous with tbatia 
the curotid arteries. 

Function of the Semilunar Valves.— The arterial or eemUuDar 
valvea are forced apart by the out-«treaming blood, with which the con- 
tracting ventricle dilates the large arteries. The dilation of the anwit^ 
is, in a {teeuliar manner, udapted to bring the valves into action. T!ii^ 
lower borders of the aemilunar valves are attached to the inner surface of 
a teniliuouy ring, which is, as it were, inlaid at the oriBce of the arti^. 
between the muscular libroBof tho vcntriekand the elastic Hbresuf the walls 
of the artery. The tiiisue of this ring ia tough, and does not admit ot 
extension under euch pressure a» it is commonly e.xpoeed to; the valvw 
lire equally inexteneilo, being, ae already mentioned, formed of tough, cloM- 
textured, fibrous tisane, with strong interwoven cords, and covered wilii 
endocardium. Hence, when the ventricle propels blood through the ori- 
Bce and into the canal of the artery, the luteml pressure which it exercises 
h suilictent to di late the walls of the artery, but not enough to stretch in an 
equal degree, if at all, the unyielding valves and the ring to which their 
lower borders are attached. Tho efiect, therefore, of each Buch propul- 
sion of blood from tbo veutriclo is, that the wall of the first portion rf, 
the artery is dilated into three pouches liehind tho valves, while the (w»l 
margins of the valves are drawn iaiward towitrd its centre (Fig. 98, b). 
Tlieir positions may be explained by the diagrams, in which the conlbin- 
one lines represent a transverse section of the arterial walls, the dott«<(l 
ones the edges of the valves, firstly, when the valves are nearest to the 
walls (a), and, secondly, when, the walls being dilated, the valves are 
drawn away from them (u). 

This position of the vitlves and arieria! walls is retained bo long as the 
Ventricle continues in ccntratHiun: but, as 6vou lui it relaxes, and the di- 
lated arterial walls can recoil by their elasticity, the blood is forood back- 
ward toward the ventricles as onward in the course of the circnlatioii. . 
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P&rt of the blood thus forced bock lies in the pouches (sinnsefl of Valsalva) 
(a, Fi^. 98, b) between the Talres and the arterial walls; and the Talvei 
by it pressed together till their thin luoatod marging moct in three 



FH. n— SwtloaB o( BMls, to nhcnr thv action at tht> tuMnUunor *■!*«. a k latroded lo akow 
I vahrBi. rvptiHcntnl bv the dullfiil llnrn. )»ra«vd tvwanl (In? wisrial w«Ub, repRBcntml bjr tin «»• 
■ ouwrUm^ a Mltv Bunu^n ■hinn Che lutwlM) wftll dMvndqd lotatlimpouciiaiCa), ud 
I ni^ (t«« Ite ««l^Ka. wbirb arc irtraiiplitMwd into tbe form of an «qull«lml Irianji^ am rvf 
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lines radiating from the contre to the cireumference of the artcn- (7 

8, Fig. P9). 

The cuutact of the valves in this position, and the complete closure of 
le arterijil oritice, are secured by the peculiar conatruction of their bor- 
&r» before mentioned. Among the cords which are interwoven in the 
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sabsiance of the valves, are two of greater strength and prominence than 
lie rcit; of which one extends along tho free border of cuch valve, and 
lu9 other Xurnis a double curve ur festovu jubt buluw the frev border. 
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Each of those cords is attached by iu outer extremiticB to the out«r end 
of the froe mHrgin of its valve, tuid in the midille to the corpus Arantii: 
Uioy tbuB enclose a luimted B[iace from u liiit^ to ti litie atirl a htilf in vridtii, 
in which sjjuce the subgtance of the val%'c is much thionor and wore pUani 
thau elsewhere. Wnitfii the valves are prtntseJ down, all these parts « 
«pace8 of their surfaces come into contMct, and the oloeuru of the artcriil 
orifice is thus secured by the apposition not of the mere edges of ttie 
valres, but of all those thin lunated parts of each which lie between ttie 
free edges and the cords next Iwlow them. Theae part« are firmly prwid 
together, and the greater the prcaaure that fjiJln on them the closer and 
more secure is their api)oaition. The corpora Arantii meet at the centre 
of the arturial orifice wheu the valves are down, and they probably asuit 
in the closure; but tlicy are not essential to it, for, not unfrequently, 
they are wanting in the valves of the pulmonary artery, which are then 
extended in larger, thin, flapping margins. In 
valves of this form, also, the iuliiid coi-ds are le« 
distinct than in those with corpora Arantii; yet the 
closure by contact of thoir Btirfac«i ia not lew 
secure. 

It has been clearly shown that this pressure of the 
blood is not entirely sustained by the ralves alone, but 
in jiurt by the muscular substance of the Tentricle 
(Suvor}). By making vertical sections (Fig. I(>0) 
through various parts of the tendinous rings it is pos- 
sible to show clearly that the aorta and pulmoiuiry 
artery, expanding toward their termination, are nt- 
uated upon the outer edge of the thick upper border 
of the ventricleu, and that consequently the portion 
of each semilunar valve adjai^ent, to the vessel puufr 
over and rests upon the mugcnlar substance — being 
thus supportud, as it were, on a kind of muscnlar floor 
formed by the upper border of the ventricle. The result of this arrange- 
ment ts that the reflux of the blood is most efliciently sustained by the 
ventricnlnr wall.' 

As soon as the auricles have completed their contraction they begin 
again to diUte, and to be refilled with blood, which flows into them in a 
steady stream through the great vcnons trunks. They are thus filling 
during all the time in which the ventricles are contracting; and the con- 
traction of the ventricles being ended, these also again dilate, and receive 
again the blood that flows into them from the auricles. By the time that 
the ventricles are thus from one-third to two-thinis full, the auricles are 

' Savory's preporallonB, illustrating thia and other points io rdnlinn lo (he Btmc- 
lureniKl fuuctloDs of the valyesof Ute liean, ore in IbeMuseuniot Si. Bsnbolomew'g. 
Hospital 
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■distended; these, then suddenly contracting, fill up the rentriclee, ob 
Already deacribed (p. HI). 

Cardiac ReTolution. — If we snppoBc a cardiac reTolntion divided 
into &re parta. one u( these will be occupied by the coDlniction of the 
aaridea. two by that of the Teutricles, au^ two by repoae of both auricles 
mnd v«ntncle8. 



Contraction of Auricle* . . . 

" Ventricles . . 

Bepove (no contnu^ion of either 

auriclea or ventricles) . . . 



1 + Bepo«c of Anricles . . . 

a + " Ventricle* . . 

2 + Contraction (of either auri- 
— clcB or ventridea) . . . 



3=6 



LIf the speed of the heart be quickened, the time occupied by each 
iiao revolution 'im of course dimiBiBhcd, bnt the dimtnation affects only 
diastole and pause, 'i'he systole of the ventricles oooupies very much 
the iMiie time, about -^ sec., whatever the palao-rate. 

The periods in which the Roveral valves of the heart are in action may 
be connected with the foregoing table; lor the auriculo- ventricular valves 
are clceod, and the arterial valves are open during the whole time of the 

» ventricular contraction, while, during the dilation and distension of the 
Trentricles the latter valves are shut, the former open. Thus whenever 
the auriculo>Tentricalar valves are open, the arterial valves are closed and 
vies vered. 



Sounds of thb Heakt. 



H^ Wben tbe ear is placed over the region of the heart, two «mmA niy 
^rbe heard at every beat of the heart, which follow in quick imnrfliriOT, 
and are mooeoded by a pause or period of ailenco. The Jir at sound ia dull 
and prolonged; its cninmencement coincides with the impulse of the 
heart, and jost precedes the pulse at the wrist. The second ia a shorter 
and sharper sound, with a somewliat Happing character, and follows close 
after the arterial puJse. The period of time o^^cupied respectively by tbe 
two sounds taken together, and by the pause, arc almost exactly equal. 
Tbe relative length of time occupied by each sound, as compared with 
tbe other, is a little nnccrtain. The difference may be best appreci- 
ated by considering the different foroee concerned in the production of 
the two Bonnds. In one case there is a strong, comparatively slow, con- 
tnction of a large mass of muscular fibres, urging forward a certain 
quantity of fluid against considerable reeiatanoe; while in the other it is a 
■ittmg but shorter and sharper recoil of the elastic coat of the large 
riee, — shorter because there is no resistance to tbe flapping baok of 
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the semilunar Talres, as thero was to their opening. The sounds mttr 
he expressed by wiying the words Itldh — ei&p (C. J. B. Williams). 

The events wliicii corryspoiul, in point of time, with the Jir/ii sound, 
are (I) the coutractioii of the vcntriclos, (2) the llr^l. part of the dilautioo 
of the aurides, (3) the cluHure of the niiriculo-ventrieuhLr raWcs, (4) tl» 
opening of tho SL-milunar valvei>, and (S) the propulsion of blood intothir 
arteries. The sotind is succeeded, in about one'thirtieth o£ « i»eoond, b)- 
thc ^lulsatioD of the facia! arteries, and in about one-sixth of a eecoud, 
by the piilsiition of the arteriea at the wrist. The nfcond sound, in poinl 
of time, immediately follows the cessation of the rentricalor contraction, 
and corresponds with («) the closTirc of the semilunar valves, (A) the con- 
tinued ililat'iitiaii of the luiriciea, {c) the commencing dilatation of tk' 
Tentriclce, and (il) the opening of the auriuulo-veiitricnlar valves. Tlw 
jfause immediately follows the second sound, and oorresponda tn iisfin^ 
part with the completed distension of the auricles, and in its m»nii 
with their contraction, and the eomplutud ditit^usion of the Tcntricln; 
the anriculo-ventricular valves being, all the time of the pause, open, and 
the arterial valves closed. 

Causes. — The chief cause of the first sound of the heart appears t* 
be the vibration of the nuriculo- ventricular valves, dtie to tboir stretch- 
ing, and also, but to a lo&s QXtout, of tho ventricular walls, and coats of 
the aurU and pulmonary artery, all of which parts are suddenly put intn 
a state of tension at the raoincut of veutrioulor conti'actiuD. The effect 
may be intensified by the muxcular s(funei produced by contraction of the 
mass of tiiuscular fibres wliicli form the ventricle. 

The cause of the second sound is more simple than that of the fiiBt 
It is probably duo entirely to the sudden closure and cauMgueni vOratiw 
of the aemihinar valves whon they are prcascd down across tho orifices of 
the aorta aud pulmonary artery. The inilnfuce of the valves in produc- 
ing the eonnd in itiuetmtod by tho experiment performed on largo ani- 
mals, each as calves, in which the results could be fully appreciated. Tn 
these experiments two delicate curved needles were int<erted, one into the 
aorta, aud another into tho pittmouury ailLTy, below the line of attacti- 
ment of the semilunar valves, and, after being carried upward about half 
an inch, were brought out again through the coats of the respective vessels, 
80 that in each vessel one valve was included between the arterial walls 
and the wire. Upon applying the stethoscope to the veascls, after such 
an operation, the second sound hod ceased to be audible. Disease of 
these valves, when so extensive as to interfere with their efficient action, 
aUo often demoiistnites the same fact by modifying or destroying ibfr 
distinctness of the second sound. 

One reason for the second sound being a clearer and B}iarper one than 
the first may be, that the semitnuur vulvea are not covered in by the thick 
layer of fibres composing the wi^lU vt the heart to such an extent as are 
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the auricuto-venfricuhr. It might he oxjieoted Ihorcforo thut their vibra- 
tion woulil be more euetl; heiu-d through a etethoscopo applied to the 
Iir&llB of the clioaL 
The oontrnction of the aurioleit which tukev i>]ace in the end nC the 
pBQse ia iiutudiblu outride tho chetit, but may bo heard, when the heart 
b expoQvd uud the atethoacope placed on it, an a sHght sound preceding 
and continued into the louder sound of the ventricular contraction. 

The Impulse of the Heart. — At the commencement of eiich ven- 
tricuUr contraction, the heart may be felt to beat with a slight shock or 
impuhe against the walls of the ehe^. The force uf the impulse, and the 
extent to which it nmy be perceived lieyoud this |ioiiit, vary roneiderably 
in different individuals, and in the same indlTiduul under different cir- 
cumEtanoea. It is felt mere distinctly, and over a larger extent of surf&oe. 
in emaciated thau in fat and robuHt jiersoiis, and more during a forced ex- 
piration than in a deep inspiration; for, in the one c3we, the inter^-ention 
of a thick layer of fat or muscle between the heart and the Burfacc of the 
cb«ct, and in the other the inflation of the portion of lung which ovcrlnpa 
tha heart, prevents the impulse from l}eing fully transmitted to the t;ur- 
ft &oe. An excited action of the heart, and especially a hypcrtrophied oon- 
' dition of the Tentriclea, will increase the impulFe; while a depressed ecu* 
dition. or an atrophied state of the rentricuUir walls, will diminish it. 

• Cause of the Impulse. — During the period which precedes the 
Tcntricular systole, the apex of the heart is situated upon the diaphragm 
and agHituft the chest-wall in the fifth intercoetal space. When the ven- 

ttriclcs contract, their wallfl become hard and tense, since to expel their 
contents into ihc arteries is a diatinctly laborious action, as it is resisted 
bf the tension within the reesels. It is to this sudden harflening that the 
impulse of the tieart against the cheet-wail is due, and the t^liock of the 
sodden teiufion may bo felt not only estomally, but al^o internally, if the 
abdomen of an animal be 0]>cned ami the Sngor be placed upon the under 
«urfiK.-e of the diaphragm^ at a point uorrospouding to the under surface 
of the ventricle. The shock is felt, and itoesibly seen more distinctly, 
be-caute of the partial rotation of the heart, already spoken of, along its 
long axis toward the right. The movement produced by the vontrieulnr 
contiftotioii may !« registered by means uf an inslniment calle<I the mrdin- 
graph, and it will be found to correspond almost exactly with a tracing 
obtained by the same instnimcnt applied over the contracting veutricle 
itself. 
K The Cardiograph (Fig. 101) consists of a eup-shapod metal box. over 
^the open front of which is stretched an elaatto membrane, upon which is 
fixed a small knob of hard wood or ivory. This knob, however, may be 
attached instead, as in the figure, to the side of the box by mean* of a 
spring, and may be mode to act upon a metal disc attached to the elastic 
membrane. 
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The knob (a) is for application to the cheet-wall over the place of th* 
greatest impnlBc of the heart. The box or tympanutn commiuiicalw br 

iiK-aiia of nn air-tight t^lusiic- tube (/) vitb the 

interior of it second tympanum (Fig. 1U3. b), in 

L-onnectiou nitli wliich is a long and light lercr 

(«). The ahoi^k of the lieart's impulse beiiyf 

cammuuicuted to the ivory knob, and through 

it to the liret tviupauiun, the effect is, of courMv 

at oQce transmitted by the column of air in 

the elu&tic tube to the interior of the eecoad 

tAinpannm, also closed, and through the dutk 

and movable lid of the latter to tlie lever, whicli 

iri phiccd in coiinc-ction with a registering ajvp** 

Ki.j. I'l, ratiis, which coiiaists generally of a cylinder or 

cwJiugmpb. (B^cc^n'M.) j^^,„ coveretl with smoked piiper/rovohing 

aeeoniirig to u dofiuitc velocity by clockwork. The point of the lere 

writoH upon the paper, and a tracing of the heart's impulse is thus obtfliDe<3-' 

hy placing three small iudia-rubber air -bags iu the interior respect 



P». lOa.— MureTB Tiiinbour ( 6 >. to wbJuh the mov«nieoi of the tMilumn of air la Uwr At* ty»- 
pftniun In (mhiLiktU'iI l>f the Ctihi>. /. and. from wliJch It U iviinmuiilcalHl br Iho leviWia, lOttnrotflns 
cylinder. k> Uuu Uie tracliui of Out movciuenc ol ttif Impuhic b««l ia obUUHxL 

tirely of the right auricle, the right ventric-lu, and in an interoosUl spMI 
in front of the heart of living animals (horse), and placing these bog^ \if 
meaiie of long narrow tubes, in communication with three levers, arranged 



FiQ, 108.,— Traetnit of the iRipulae of the henrt of man. (Varej ) 

one over the other in connection "with a registering apparatus (Fig. KM), 
MM. Chauvcau and Maruy have been able to measure with much accuracy 
the variations of the eudocardial pressure uud the comparative duration 



tbe contmctionB of the anriclos ain3 ventriclcn. By means of the Mme 
KppAratus, the aynchronism of the impulse with the contraction of the 
Ventricles, is abo well shown; and the cHiiitee of the sererol vibrations of 
^hich it IB reaJly coinpoBed, have bufii disooverod. 

In the tracing (Fig H)5), the interrala between the vortical linos rep- 
periodB of a tenth of a second. The parts on which any giren 






t. MH— Appmlua »( W tliAUTtAU Mid ftUrej for —**'*■*'"■( Uke wwlkoaa of rndocwdUU 
, Md pradwtlon uf liii|j»liie of tlic ttMUt. 



'voT'tical line falls represent, of course, simultiuieoue events. Tims, — it 

will be Men that the contraction of the auricle, indicated by the upheaval 

of the tracing at a in first tracing, canees a slight increase of pressure in 

the ventricle (a' in second tracing), and prodnces a tiny impulse (a' in 

third tracing). So aUo, the cloirare of the 

^Mnilunar valves, while it causes a momen- 

^^trily increuaed pressure in the ventricle at i)', 

doe* not fail to affect the preesurQ in tho auri- 

ple 1)', and to leave its mark in the tracing of 

I th« impulse also, o', 

^h The large upheaviil of tho rentricular aitd 
^^e impoUe tracings, between a' and D*. and 
a' and u', are caused by the ventricular con- 
'raction, while the emallcr undulatifflis, between 
1 and c, b' and c'. b' and c', are cause<l by 
the rihrations consequent on the tightening 
*M closure uf tlie auriculo-ventriculur valves. 

Although, no doubt, the methrKl thus de- 
•fibcd may show d perfectly correct view of 
theendocardiac presaure variations, it should be 

)«xinect«d that the muscular walls may grip the air-bags, even after tho 
complete expulsion of tho rontents of tho chamber, and so the lever might 
ivniain for a too long time in the position of extreme tension, and would 
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represent ou the tracing not onlj, as it onght to do, the Auricular or 
ventricular pressure on the blood, but, also aftenrftnl, the mnscnkr prat- 
siir« iixert«d upou the bags thenuelTca. ()1. Foster.) 

Fbeqitenct xkt> Fobcb of IBB Heabt'b AcnoK. 

The heftrt of a healthy adult jran contracte from seventy to seventj-fiTf 

times in & minnte; bnt manj oircumBtonoea canee this rate, which of 

coaree correaponds with that of the arterial /m/w, to vary even in healtlL 

The chief are age, temperament, sex, food and drink, exercise, time of 

'day, posture, utmoephcric pressure, tcm])timtun>. 

Affe. — The frequency of the heart's action gradually diminishes turn 
the cumiiLetiuement to near the end of life, but is said to rise again 
somewhat lu extrenxe old age, thus: — 

Before birth the average uuniber of pulses in a minnte is IfiO 

Just after birth 

iJuring the first year .... 
During the woorid yv.av .... 
. During th« tbifil year .... 
Almut the seventh yoar .... 
Aliout tlio fdurii'Qnth year, the aver&go 
number nf pnlses in a minute is 

Tn adult age " 

In old age 

In decrepitude .... 



from 140 to 130 
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Tf^mperameiif rtttd Sex. — Tn persons nf sanguine temperamcnl. tliB 
he»irt at-ta somewhat more frequently than in tlioao nf the pblogmalif; 
and in tlie femiilo sex more frequently tliiin in thf male. 

Foful and Ihiuh. Kxerdat. — After a meal its action is accelerated, 
and fiiill more »o during bodily exertion or mental excitement; it is slow«F M 
during sleep. 1 

Diurnal Vnrinfio». — It appears that, in the state of heaith. the puUe 
is most frequent in the mcming. ami beoome.« grndually slower as the d»¥ 
advances, and that this diminution of frequency is both more reguliir 
and more i-apid in the evening than in the morning. 

Posinre. — It is found that, as a general nde. the pulee, especially i 
the adult uttdo, \& more frequent in the standing than in the sitting pc 
ture, and in the latter than in the recumbent pogition; the differeni 
heiiiji' grcuteft hetweeii the standing and Hio sitting nonture. The cffi 
of (;hang« of [niHture is greater as the frequency of the pulse is greater. 
and, accordingly, it* more marked in the mnrning than in the evening. 
By supjiurtiug the h(Klv in difforeiit poHtiires, without the aid of mas- 
oulnr eiTort of the individual, it has bei'ii ])nived that the increased fntjl 
qtiency of the pul^e in the sitting ami tf^liiiuling positions is dcpendeinH 
upon the musctdar exertion engaged in maintaining them; the usual 
encct of these postures on the pulse being almost entirely prevented when 
the usually attendant muscular exertion was rendered unneoeMary. (Guy.) 
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Atmogphtrie Pre»*uTe. — The frequency of the pulse incrcoaes in ft 
corresponuing ratio with the c-kvation above tlio sen. 

Temperature. — Tlie rapidity and force of the heart's oontractionj are 
largely influenced by variationa of temperature. The frog's heart, whfn 
excised, ceaeea to beat if the temj^eratiire be reduced to ^i" F. (0° C). 
Wben heat is gradually applitni to it, both the speed and force of the 
heart's contractions increase till they reach n maximum. If the tem- 
peratnre is still further raised, the beats become irregular and feeble, and 
the heart at leug:t)i stands still in a condition af ''heat-rigor." 

Similar effects are produced in warm-blooded animals. In the rabbit, 
the number of heart-beats is more than doubled when the temperatnre of 
thu air wa* uiaintaiued at 105' F. (40*.o C.J. At 113*— 1U° F. (45 "^ C), 
the rabbit's heart ceases to beaC ' 

Relatii/e Frequency of the Pulse to that of Respiration.— 

In health there is observed a nearly uuiform relalinii between the fre- 
quency uf tlie puldu and of the ritspinitlons; the proportiou betii^;, on an 
average, one respiration to three or four beats of the heart. The same 
relation is generally maintained in the cases in which the pulse is naturally 
Rcculenited, as after food or exeri.-iHe; but in di»ea&e thii* relation usually 
ceases. In many aJTections accorapamed with incrcaftod frequency of the 
pulse, the respiration is. indeed, also accelerated, yet the degree of its 
•cceleratton may bear no detinitw pi-ojmrtiari to the incR'ased number of 
the heart's actions: and in many other cases, the pulse bemmes morp fre- 
quent without any accompanying increase in the number of respirations; 
or, the respiration alone nmy be accelerated, the number of pultattions re- 
maiuiug stationary, or even falling l»elow the ordinary standard. 

The Force of the Ventricular Systole and Diastole.— The 

force of the left ventrienlar systole is more than double tliat exerted by the 
contraction nf the right: thin dltTerence In the amount of force exerted 
by the contraction of the two ventricles, reaulta from the walls of the loft 
▼entricle being about twice or three times as thick as thoeo of the right. 
And the diftereuoe is adapted to the greater degree of resistance which the 
left ventricle has to overcome, compared with that to be overcome by the 
right: the former having to propel blood through every part of the body, 
the latter only through the lungs. 

The actna) auu>unt of the iiitra-ventricnlftr pressures during systolo 
in the dog has been found to be 2*4 inches {fiO mm.) nf mercury in the 
right ventricle, and 6 jjiches (l.*)*! ram.) in the left. During diastole there 
iii in the right ventricle a negative or suction pressure of about j of an 
i3Lch (—17 to —10 mm.), and in the left ventricle from 2 inches to | of 
I inch (—52 to —20 mm.). Part of this fall in pressure, and possibly 
greater part., is to be referred to the influence of respiration; but with- 
out this the negative pressure of the left ventricle caused by its activD 
dilatation is about J of an inch ('^3 mm.) of mercury. 

The right veutriele is undoubtedly aided by this auction power of the 
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left, 60 that the whole of the vork of co&ductingf the palmonary circtik- 
tion does not fall npon the right side of the heart, bat is usistcd hy tht 
left aide. 

The Force of the Auricular Systole and Diastole.— Tlu 
mttximiim prf^t^nre withiti the right auricle h About ) of an inch (dOmiB.) 
of mercury, and is probably somewhat less in the left. It bos been fnunJ 
tli&t during diastulo the pressure within both ouriclce sinks cooBidersblt 
below Lliut of the aliuosphere; and us some full iji pressure takes plior, 
erea wbeu the thorax of the auimal operated upon has t>een opened, > 
certain propurtion of the fall miiet be due to active auricular dilabilioc 
independent of respiration. In the right auricle, this negutire pressan- 
is about —10 mm. 

Work Done by the Heart.— In estimating the work done by bht 
machine it is ueual to expreea it in lorms of the "unit of work." The anil 
of work 38 doflncd to be the cuergy expended in raising a unit of wei^bi 
(I lb.) through ft unit of height (1 ft.)- In England, the unit of work 
is the "fuvi-jjmmd," in France, the "kihiframmeire." 

The work done by the heart at each contraction can be readily found 
by multiplying the weight of blond expelled by the ventricle* by the 
height to which the blood rises in a tnbc tied into an artery. Thia heighi 
wiia found to ]>e abont 9 ft. in the horse, and the estimate is nearly comrt 
for a large artery in man. Taking the weight of blood expelled from the 
left ventricle at each systolo as 6 oz., i.e., \ lb., we have fl x | = 3"3'5 
foot pounds a« the work done by the left veutride at eaeh systole; wd 
adding to this the work done by the right ventricle (about one-third tbit 
of the left) we have 3'376 X 1"125 = 45 foot-pounds as the work done 
by the heart at each contraction. Other estimates give ^ kilogranmietre, 
or about 3fc foot. pounds, llaughton, estimates the total work of the heart 
in 24 hours a^ about 124 foot-torw. 

Influence of the Nervous System on the Action of the 
Heart. — The liwirts of warm-blooded animida cease to beat almoet if not 
quite immediately after removal from the body, and are, therefore, un- 
favorable for the study of the nervous mechanism which regiihites their 
action. ObeervatiouH have hitherto, tlierefore. been principally directed 
to the heart of cold-blooded animals, e.if., the frog, tortoiite, and 8nake,j 
which will continue to beat under favorable conditions for many honrt 
after removal from the body. Of these animals, the frog is the onemoetly 
employed, and, indeed, until recently, it was from the study of the frog's 
heart that the clitGf part of our information was. obtained. If removed 
from the body entire, the fnig's heart will irontinue to beat for many honn 
and even days, and the beat hue no apparent difference from the beat of 
the heart before removal from the body; it will take place without the 
presence of blood or other fluid within its chambere. If the l>eat« liave 
become infrequent, an additional beat may be induced by stimulating 
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hc&rt by means of a blunt needle; but ths time before the BtuntUiis 
]liod produces ita result (the Intent period) is very proli>Qgecl, and its 
ihiH w»y the cardiac bcut is like the contraction of unstrijied muscle,, 
method has been likened to a pGrisloltic contraction. 
There is much uiicertaini}' about th« nvn'ous m(<i.-Imnism of the bent 
the Sntg'i heart, but whut has just been eaid shows, at any rat«, two 
j; firstly, that afi the heart will beat when nsmoTed from the body in 
a way differing not at all from the normal, it must contain within itself the 
mechanism of rhythmical contraction; nnd secondly, that as it can beat 
viibout the presence of fluid within it« chamberB, the movement cannot 
depend merely on rc0ex excitation by tho cntranee of blood. The nen-ons 
■pparatuB existing iu the heart itgtdf cuntiitiU of collections of microecopio 
pnglia» and of nerve- fibres proceeding from thorn. These ganglia are 
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demonstnible ait bcinK t-olleotod chiefly into time grou)w; one is in the 
wall of the rinua venosus {Hem&Vs); a second, near the junction between 
the aaricle and ventricle (DiddeKij); and the third in the septum beCwtwu 
the auricles. 

Some very important experiments eeem to identify the rhythmical 
oontractionj of the frc^s heart with these ganglia. If the heart be r&- 
moved entire from the body, the sequence of the contraction of its several 
beats will take ]ilace with rhythmical rcjirularity, viz., of the sinns veno- 
ms, the anrictee, the ventricle, and bnlbus arteriosus, in order. If the 
heart be removed at the junction of the siuus and auricle, the former will 
rontiuuu tu btnit, but the removed, portion will for a short variable time 
stop beating, and then resume its beats, but with a rhythm different to 
that of the sinus: and, further, if the ventricle be removed, it will t&ko 
a still longer time before recommencing: lU pnlsation after its removal 
than the larger portion conristing of the auricle and ventricle, and its 
rhythm is different frdm that of the nnrcmoved portion, and not so rcgn- 
l&r. nor will it continue to pulmte bo long: during the period of stop- 
page a contraction will occur if the ventricle be mechanically or otherwise 
ittmnhited. If the lower two-thirds or apex of the ventricle be removed, 
the remainder of the heart will go on beating regularly in the body, but 
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this part will reiriAm motionless, and will not beat spontaneonsly, ulthougb 
it vill re«pond to stimnli. If the heart bo divided lengthwise* it« p«rb 
.will continue to pulsate rhythmicflilv, and the auriclM may be cut up into 
pieces, and the* pieces will continue their movenienta of coniraction. It 
will Ihi thus seen ihut the rhytlimiciU movements nppeur to be more marked 
in the parts supplied by the ganglia, and that the apie-al portion of tht 
veiitricte. in which the ganglia are not found, does net po66C«B the power 
of automatic movemeut. Although the theory that the pulfiations of the 
rest of the heart are dependent upon tlmt of the Einng, and to stimuh pro- 
ceeding from it. when connection ia maintained, and only to reflex ftin- 
uh when removal Iia« taken phicv, cannot be absolutely upheld, yet it is 
evident that the power of spoutaneons contraction is itrongeet in (lie 
sinun, leiiR Rtrong in the aurirleH, and less so still in the Tentrirlr, ami 
that, therefore, the sinus ganglia arc probably important in exciting iho 
rhythmical contraction of the whole heart. Tliis is expreeaed in the fol- 
lowing way: — "The power of iudependont rhythmical contraction de- 
creuses regularly m we pa£S from the aicug to the ventriclee," and "Tie 
rhythmical power of each segment of the heart varies inversely as it« di*- 
taiice from the sinus."' (Gaekel].) 

It has been recently shown that, under appropriate stimuli, even tli* 
extreme apex of the ventricle in the tortoise may take on rhythmi(»l 
contrnctions, or ia other words may b© "taught to beat" rhythmitailv. 
(G;i«kell.) 

Inhibition of the Heart's Action. — Although, undor ordin&rf 

conditions, the apparatus of ganglia and nerve-fibres in the eubrtwce 
of the heart forme the medium through which its action is excit«d Kid 
rhythmically maintained, yet they, and, throngh them, the hearfg con- 
tractions, arc rognlfitod by nerves which puss t* them from the hfghfr 
nerve-centres. These nerves are branches from the pneumogattrie or 
vagn» and tlie MtfmjiaiMu:. 

The influoncD of the vagi norrea over the heart-heat may bo Khown by 
stimulating one (ejipecially the right) or both of the nerves when a record 
is being taken of the beats of the frog's heart. If a single induction shock 
be sent into the nerve, the heart, after a short inter^'al, ceases beating, 
but after the suppression of several beats resumes it* action. Aa already ■ 
mentioned, the effect of thei^timnhieisnot immediately seen, and onebelrtf 
may occur before the heart stops after the application of the elcctric-cnr- 
rent. The stoppage of the hcJirt may occnr apparently in one of two 
wa\'B, either by diminution of the strength of the systole or by increBS- 
ing the length of the diastole. The stoppage of the heart may be brought 
about by the application of the electrodes to any part of the vagus, but 
most eSeotuully if they are applied near the position of Remak's gangli 
It is supposed that the fibres of the vagi, therefore, terminate there i 
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inhibiiory ganglin in th« heart-valls, and that tlic inhibition of the heart's 
beats by means of tho vagiu, is not a simple action, but that it is pro- 
duced by sUmuhiting centres iu tlic heart it«elf. These inhibitory ceutrA 
are iiaralyxed by atropiu, »ml then no anionut of stimulation of the vHgiit), 
or of the heart itself, will produce any effect upon the cardiac beats. 
TTrari in largo doses paralyzes the vagus fibre?, but in this case, as the 
inhibitory action can Im? producetl liy direct stiinulaiion of the heart, ii is 
inferred that thig drug dues not paralyze the ganglia themaelves. Mue- 
carin and pilocarpin appear to produue effects sitnihu* to those obtained 
by Btiiuuhiting the vagUB Jibres. 

If a ligatui-e be tightly tied round the heart over the situation of the 
ganglia betvecn the sinuti ahd the anrielea, the heart stops beating. 
This experiment (Stanniiis') would seem to stimulate the inhibitory gan- 
glia, but for the remurkalile fact (hat atropin doe* not interfere with its 
flucce«. If tho part (tho veutrielw) Udow tho ligature be cut off, it will 
begin and continue to beat rhythmically., this may be explained by say- . 
poeiiig that the gtimiiliut of section induces pulsation in the part which 
i» removed from the iiifliionce of the inhibitory ganglia. 
H So far, the effect of the terminal appar&tua of the vagi has been oon- 
^mered; there is, however, reason for believing tliat the vagi nervps are 
simply tho media of an iuhHiUnry or restniining inilnenre over the iictirm 
of the heart, which is ■convoyed through them from a c^nfre in the me- 
dulla oblongata which is always in operation, and. because of its reBiroin- 
ing the heart'* uctiou, is called tlie (■anliu-iitbibUory centre. For, on 
dividing thei*e nerves, the pulsations of tho heart are iiicreased iu fre- 
quency, an effect opposite to tlmt produced by stimulation of their 
divided (peripheral) ends. The restraining influence of the centre in the 
mnlulla may he imrrfased reflexly, proilucing slowing or stopjmge of the 
heairt, through influence passing fmm it down the vagi. As an example 
of the latter, the well-known effect on the heart of a violent blow on tho 
epigastrium may be referreil to. Th(.' stoppage of the ht-arlV action is duo 
to the conveyance of the stimulus by fibres of the sympathetic to the 
medulla oblongata, and its subsequent rffi^ntian through tho vagi to th« 
inhibitory ganglia of the heart. It h also believed that the power of the 
medullary inhibitory ceritn? may he rellexiy leesened, producing acceler- 
ated action of the heart. 

Acceleration of Heart's Action.— Through certain fibres of tho 
sympathetic, tlie heart ruceives an accekmtiny influence from the medulla 
oblongata. These accelerating nerve-fibres, issuing from the spinal cnrd 
in the neck, rencli the inferior cervical ganglion, and pass thence to the 
cardiac ploxus, and so to the heart. Their fxmction is shown in the 
quickened pulsation which follows stimulation of the spiTial rnni, when 
the latter has been cut off from all connection with the heart, excepting 
that which is formed by tlie aeculuruting Ulaments frum the inferior cer- 
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vical ganglion. Unlike the iuhibitoiy fibres of the pneumogastric, tfae 
accelerating libre« are not contiuuouiily in action. 

• TUtf accelerator ufrree muni not, howeTer, be oonwdered as direcl 
antagoniste of the Tagne; for if at the moment of tbeir maximnni stiiuu- 
liition, tlie raguB be stimulated with minimum currents, inhibition it 
):)rD(Iuceil with the same readiness as if these were not acting. 

The amnectioii of the lieiirt witli other organs by meuna of the norr- 
OUB system, and the influences to which it is subject throngh them, an 
shown in a striking manner by the phenomena of diseaae. The Jnfiuenrc 
of itieiital shfK-k in arresting or modifying the action of the heart. tJie 
slow puteatiou wliich accompanies compression of the bnun, the irrcpi- 
hirities and palpitations caused by dyspepsia or hysteria, are good eridean 
of the connection of the heart with other organs throngh the nerroui 
system. 

The action of the heart is no doaht also very materially affected by 
the milritioii of its walls hy n suOli^ient supply of liealthy blood wntta 
Ihem, iind it is not unlikely that tlit apparently eontradictory effect rrf 
poisons may be explained by sup[)osing that the influence of some of tbem 
is either jmrtially or entirely directed to the muscular tissue itself, uiii 
not to the nervous apparntus alone. .\8 will be explained prusenlly, tln^ 
heart exercises a considerable influence upon the condition of the pressare 
of blood within the arteries, hut in ita turn the blood-pressure within thu 
arteries reacts upon the heart, and has a distinct effect upon ita contrw- 
tions, increasing hy its increase, and Wita ftrsd, the force of the caniiM 
heat, although the frequency is diminished ns the blood-preoanre risr& 
The 4^uantity (and cjnality:-') of the blood contained in each chamber, ico, 
has an influence upon its systole, and within normal limits Uie larger the 
quantity the stronger the contraction. liapidity of systole does uol «f 
necessity indicate strength, as two weak contractions often do no mor« 
work than one strong and prolonged. In order that the heart may doiu 
maximum work, it must be allowed free space to act; for if olwlruct*"! 
in its action by mechanical outside pressure, as by an cxctws of fluid within 
the pericjirdium, such as is ])rodiuied by inflammation, or by an orpr 
loaded stomach, or what not, the pulsations become irregular and feeble- 
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Distribution. — The arterial system l^egins at the left Tentricle in « 
single largu trunk, the aorta, which almost immediately aiter itc origin 
gives off in its course in the thorax three large branches- for the supply 
of the head, neck, and upper extremities; it then travcraea the thorax 
and abdomen, giving off branches, some large and some small, for the 
supply of the various organs and tisenea it iiasses on ita way. In the 
abdomen it divides into two uhief bronclies, for the supply of the lower 
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extremitiea. The arteria] bnuicliea vborovor given off <Imdo and aub- 
diride, until the calibre of each eubdiviaiou becomeB very minute, and 
thcao minatc Teasels ]iusi into cupillarius. ArLcri^a aro, oi a rule, phioud 
in utuatioua pixit«ct«d from preasui-e and otlier dangers, and are, with 
few exceptions, atraight in tboir courae.iuul frcqu<;ntlyeommuuicate witli 
other arterica (anuatomoBo or inosculate). The branch** arc UKtially 
given off at an acut« angle, and the urcji of the branches of an artery gen- 
araOy exceeds that of the ])arent trunk; and aa the di^tniioo from tlm 
origin ia increased, the area of the combined hranchea is increneed al^. 
I After death, arteries iire usually fountl dilated (not coUapeed ua Iho 
Toine are) and empty, u[id it wiw to thia fact that their name waa given 
them, aa the aaeientB believed that they uonreyed air to the various porta 
of the body. As regards the arterial eystym of the lungs (pulmonary 
aygtom) it begins at the right ventricle in the pntmonary artery, and is 
distributed mncli aa tho arteries belonging to the general systemic cir- 
culation. 

Structure. — The walls of the arteries are composed of three principal 
fxiata, termed tlie rjtrrtutl or iuuivn aHvmlitia, the iniddfe or tunica 
media, and the internal coat or tunica intima. 

The exienial ccat or tunica ailreiititta (Figs. 107 and 111, i. a.), tho 
■ttoimoat and toughest part of the wall of the artery, is formed of areoUir 
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tismc, with which is mine:led throughwit a network of elastic fibres. 
At the inner i>art of this ont«r coat the elastic nt-twork forms in niMt 
arteries so distinct a hiyeraa to bo sometimes called the txttmal ekuiic 
CM/ (Fig. \i3,e.e.). 

The middle coat (Pig. 107, m) is composed of both muaculur and 
Vol L— 9 
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■eloBlic fibres, with a certain proportion of areolar tissae. Tn the larger 
-arteries (Fig. 110) its thiclcne-M is pomparutiTcly as well as abeoluwlr 
inia-h gi'eater than in the small, constituting, as it does, the greater pan 
of ihe arterial wall. 

Tlie mnscular fibres, which aro of the unstripod variety (Pig. lOfl) are 
nrmnged for the inoBt part transversely to the long axis of the arttrr 
(Fig, 107, tn); while the eloetlo element, taking also a transrerse dirws 
tion, is disposed in the form of closely interwoven and brunc-hing fibres, 
wluuh LUtereect iu all parte Che layers of mnscular fibre. In arteriei of 
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various size there is a difTerence in the prt^xrrtion of the muKular anJ 
elastic element, elastic tisane preponderating in the Iftrgeat arteries^ while 
this condition ia roTrraed in those of merlinm and small size. 

The inlernat coat is formed hy Invcra of elastic tissue, conBisttng in 
part of coarse tonpitudinal bmncliing fibres, and in purt of a rery thin 
and brittle membrane whieh pnescsscs Utile elasticity, and is thrown into 
folds or wrinkles when the artery contraeta. This latter membrane, 
the striated or /e/ifslrntfl coat (if Jlenle (Fig. WS), is peculiar in its ten- 
dency to carl up, when peeled off from the artery, and in tho perfoiHled 
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streaked appearance which it presents under the micrtMCope. Its 
inn«r aardce ia lined with a delicutc lajcr of cndothelinm, compo<ed of 
I'longatod cells (Fig. 112, a), which mnke it smooth iitid poUshedt and 
furiiiali n >ie»i-ly imtKirmvable surfac'C, idung tvliirh the h\*xnl tnuy floir 
with tlie BDuUloet poesiblo amount of rcsietanoc from friction. 

I mmed lately external to the endulheliul lining of the artery is Bne 
coane<:tiv& ti&suu, xu&-cndot/ulial iai^ifr, with brtuivliod (;or])uscletf. Thus 
tbe internal coat cousUts of ttur«e parts, (a) au endothelial liuing, {b} the 
fiub-endothelial layer, and (r) ehifltic layers. 

Vasa Vasorum. — The walla of the arteriea, with the possible excep- 
tion of the endothelial lining and the layers of the internal coot inunedi- 
nt«ly outfiide it, arc not noarishod by the btf^od which they oonvey, but 
lire, liko other parts uf tho body, BUpptied with little urtories, ending in 
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capillarips and veins, which, branching throughont the extcmat cout, 
fixtcm) for some iliatance into the middle, hut lio not reat^h the interiuil 
coftt. These nutrient vosselB are cjilled ram rtunirmn. 

Lymphatics of Arteries and Veias.— Lympbatio spaces are prca- 
t in the coats of both nrlerie? and veins; but in the tunica adventiti» 
;or ettomal coat of I&r^ rea^c-ls they form u distinct plexus of more or less 
tnbubir vcMela. In smallt^r vesjiels they appear ns sinouft spnccA linod by 
(B^helinm. Sometimes, as in the arteries of the omentum, mesentery, 
«nil membmnea of the brain^ in the pnlmonarr. hepatic, and splento 
arteries, Uw spaces are coutiuuoug with Te«a^U wliiL'h distinctly oushcath 
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tlieiii— ;jumw#rM/«r lymphalie nhmOa {Fig. 121), L^-roph channels are 
Ettid to be present also in the tuuica media. 

Nervi Vasorura. — Host of the arteries are surrounded by a plciw 
of syinpaihetic nerves, which twine aronnd the vessel very much like ivy 
round u tree: and ganglia are found at frequent intervals. The 8uull««: 
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avterlos and wipillivries are also surrounded by a very delicate networV d 
oimiliir nerve- librua, rnnny of whiek appear to end in tlie nuclei of the 
tranfiverse mnsciilar fibres (fig- Vl'i). It ir through these plexUB« tW 
the eulibrc of the veaBcla is regulated by the nen-ous eyalem (p. 1S2). 
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Distribution. — In all viiBculiir textures, except Bome parts of the 
COrpont cjtveriMjsu of the penis, and of the uU-rine ])]flcenttt, and of the 
spleen, the ti-ansinission of the blood from the minute hmnchea of the 
arteries to the minute reins ib effpeted through a network of mimteopie 
McaaeU, tailed capiUan'm. These may be seen in nil minutely injected 
preparations; ami durinj,' life, in any transparent vBSfuliu- ]wrts. — surh 
aa the web nf the froir's foot, tlie tiiil or external branehiiE of the tadpole. . 
or the witig of the hat. 

The brunches of Ihu minute arteries fonn rejieiated aoastamosee vithi 
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cb other, and gire off the r^jiilknen which, by thoir uiiMt«ni<MM, OOBI- 
^5>oac A continnoos ami uniform network, from wliich tli* tviioii« nMlit^-liM 
take their rise (Fig. 1 14), Tho |)oiiit uL wliit^h Ihu ^ 

arteries tcrniiimto and the minute veinJi coinitioncvi 
cminot be exactly defined, for the tnuuitinn u 
gmduul; but the capillary network luis, uwcrtho- 
lees, thi^ |>ecnliarity. that the small reuela which 
compose it maintain the «amcdianiclcr throuf^hout: 
they do not diminish in diamei«r in orvu dirtt-tion, 
like arterioH and %'ein6; and the neahM of the nut- 
work that they compoie are more uniform in ah^ie 
and lize than thoie formed by the annrtomo— of 
the minute arteries and veina. 

Structure .^Thia it much more aiapto Uun 
that of the aru-riiM or reina. Their walli are eom* 
poaed of a single layer of dongaled or radiate* Aai> 
tened and nnricwteJ «eUi^ m jeipad aod dawateilad 

brane (Fig. 115). OuXni^ them ceXk^ia Urn hugar 
capiilarm, there is a atrac^ardMi, or f «ry taeij 
fifarillaled nembraoe, oa the caacr Hriaoc of vfakh 
theran faiddava. 
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CapilloricB arc eiirrounded by a deliciLtc nerve-plexus rceembling. in 
miiuiituiv, that (»f ili« larger blood-Teasels. 

The diameter of the caiMllary vessels varies Bomewhat in the different 
textures of tlio body, the most CDiiimon size being about i^'inrtl) o^ u 
inch. Among the snuUlest may be mentioned those of the bruin, and 
of the follicles of the mucous membrane of the inlMtines ; among the 
largest, those of the skin, and espcciully thoKc of tho medulU of bona. 

The size of fapilUiriea varies nercsBiirily in (1 ifferont. nnimnls in rclutioB 
to the Kiz« of their blood corpuscles: thus, in the Proteus, the cupilLin" 
circulation can jnet be discerned with tlw naked eye. 

The/»r;« of the capillary network jprofents coiisidenihle vnriety in the 
difTorent textures of the Wly: the varieties conHsting principally of modi- 
fications of two chief kinds of meiili, the rounded and the elongated. That 
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kind of which the niches or interepacca have a roundish form is the moit 
common, and prevails in i\ux*i parts in vhich tlie capillary netvrork '» 
most ilenise, such as the lungs (Fig. IIB). most glands, and mucous niein- 
brones, and the cutie. The meshes of this kind of network are not quite 
circular bnt more or leas angular, sonu'iimcfi preeenting a nearly regular 
quadrangular or polygonal form, but being more frequently irr<>gular. 
The capillary network with elongated mesh&s (Kig. lit) is obscrrod in 
parts in which the vessels are arranged among bundles of fine tabes or 
fibres, ai in muscles and non'cs. In such parte, the meshes usually have 
the form of a parallelogram, the short sides of which may be from thn-o 
to eight or ten limes 1ei«s than the long ones; tlie long sides always com^ 
Bponding to tho axis of the fihi-f nr tube, by which it is placed. The ap- 
pearauco of both the rounded and elongated mcsbcs is much varied 
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according m tho vcescU compulsing them have & stmight or tortuous form. 
SometimoB the ca])iU»riea have a looped arraagemeiit, a single capillary 
projecting from the common network into some prominent organ, and 
returning after forming one or more !oo[w, as in ihe pajnllie of the tongue 
anil skin. 

The number of tho capillaries ami the *t2e of (he mettfieut in different 
parts determine in giincml tho degree of vaitculari'itf of those ports. The 
parts in which the network of capillaries in cLo»etit, that is, in wliich the 
niesbes or interspace!! are the smallest, are the lungs and the choroid 
membrane of the eye. In the iris and ciliary body, the interspaces are 
somewhat wider, yet very smalt. In the human liver the interspaces are 
of the ajime size or even anrntler than the cupillary vessels tbemselvea. 
In the human Iting they are Hmaller than the vosBela; in the hnraan 
kidney, and in the kidney of the dog, the diameter of tho injected ca]iil- 
laries, dompared with that of tlie intenspaces, is in the proportion of one 
to fonr, or of cue to tliree. The bnuii receiver a ver>' largo quantity of 
blood; but the capillaries in which the blood is distributed through its 
Bobstance are very minute, and Icsa numerona than in some other parts. 
Their diameter, according to E. H. Weber, compared with the long diam- 
eter of the meshej, being in the proportion of one to eight or ten ; com- 
pared with tho transTOPBe diameter, in the proiwrtion of one to fonr or 
flix. In the mneoua mombranoa — for example in the conjunctiva and in 
tho cutis vera, the capillary veBeols are much lai^or than in the brain, 
and the intenspaces narrower, — namely, not more than three or four times 
wider than the vessels. In the periosteum the meshes are much larger. 
In the externa) coat of arteries, the width of the meshes is ten times that 
of the TesBcls (Hcnle). 

It may be hold as a general rule, that the more active the functions of 
an organ axe, the more vaecular it is. Hence the narrowness of the inter- 
■paces in all glandular organti, in mu^MUJs incmhranes, and in growing 
parts; their much greater width in bonus, ligaments, and other very 
tough and comparatively inuctiro tisauet!; and the usually complete 
absence of vessels in cartilage, and such parts as those inwhioh« prob- 
ably, very little vital change occurs after they are once formed, 



» 



^ 



The Veins. 

Distribution. — The venoua system Iwgins in Bmall vefiseU which arc 
slightly lai^er than tho capillaries from which they spring. Tliese Tessels 
are gathered up into larger and larger trunks until they termiua' 
regards the systU'mic cin-ulutiun) in tho two veiue eavai and the C( 
veins, which enter the right auricle, and (as regards the pulmonan 
lation) in four pulmonary veins, which enter the left auricle. Tb 
ity of the veins diminishes oa they approach tho heart; but, w 
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the capacity of t!ie veins exceeds by aeveral time* (twice or tUree tinits) 
that of their corrospojidiiig arteries. The pulmonary veins, however, 
are an exception to tliis rule, as thej do not excued in cupacity tbi- 
pulmoniuy arteries. The reins are found after death as a rule to ite more 
or less coltapsc<l^ and often to contnin blood. Tho veins ore DgDolly dii- 
tributed in a superficial and a d&cp 6oi which oonimunicate frequently in 
their couree. 

Structure. — In Btruoture the coatB of TeinB bear a genoral resem- 
blance to tboee of artones (Fig. 118). Thtu^ they possess an outvr, 
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NcbUt SiaICIl) 

middU, and intemat coat. The twi/cr coat is conHtnicted of areolar tissue 
like that of the arteries, but ie thicker. In some veins it contains mus- 
cular fibrc'-ct-Hs, wliich ary wrraiigfd loiigitndiiifllly. 

The miildle coat is considerably thinner than that of tlio arteries; and, 
although it cnntains ctr^^ijlnrunstriped nniiscular fibres or fibro-colls, theie 
arc mingled with a larger proportion of yellow elaHtic and wliito fibroni 
tissue. Ill the large veins, near the heart, namely tho venfB mva and 
pulm'onary veine, tlio middle coat is replaced, for some distance from th* 
beart, by circnlarly nn-unged etripcd muscular iibrvs, contiimoni with 
those of the auriel&s. 
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The internal cout of reins ia Icffi brittle ttuin the corrcepouding cuat 
an tuticry, but in other respccta resemblen it cloeely. 

ValTCS. — Tlio (:hu>f influence which tho veiiia have in the circulation, 
effcc-tttl witli the help of the ViiltvF, ulnth aru pliiecd in all veins sub- 
ject to local pressure from the miuults between or near which they run. 
The genenl con«trnction of these valvet^ i» similar to tbut of the eenii- 
lunar TaWefl of the aorta and pulmoiian,- Brtery, already described; but 
their free margins are turned in the opposite direction, i.e., toward the 
bcart, so M to stop any movement of Wood baoltward in the veins. They 
■re commonly pUecd in pairs, ai various distances in difTerent veins, hut 
almost uniformly in each (Fig. 119). In the smaller veins, single mires 
are often met with; and three or four are sometimes phun>d together, or 
near one another, iu the largest veins, such as the Euhcliivian, and at 
their junction with the jugular veins. The valrn are semilunar; the 
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Dnattaehed edge being in some examples concave, in others straight. 
They are composed of iiioxtensile fibrous tissue, ami are covered wiih 
endutbolium like that lining the veins. During the period of their in- 
action, when tho venous blood is flowing in its proper direction, they 
lie by the sides of the veins; hut when in action, thi>y close together like 
the ralvec of the arteries, and offer a complete barrier to any backward 
moremeDt of tho bloot^l (Figa. 119 and \'i^). Their situation in the 
Buporficiai veins of the forearm ia readily discovercKl by pressing along its 
BQrfac«, in a direction opposite to the venons cnrrent, (.c, fmni the 
olbnw toward the wrii;t: when little swellings (Fig. lift, c) iipprar in the 
pomtion of inch pair of volvco. These eweUings at once disappear when 
Hui prcseure is relaied. 

Talves are not equally nuiiiemus in all veins, and in many they arc 
ftbaent altogether. They arc most numerous in tho reins of the extremi- 
ties* and more m in those of the leg than tliu arm. They are cumnioidy 
riww/ in veins oC leas tluui a line in diameter, oud, as a geneml rule. 
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there arc fev or none in those wbtch are not subject to mnacnlar presstin. 
Among those vpiiiij whiuli huvc no toItps may bo meiitiotied the 8U{Knir 
and inferior vena cava, the tnmk and bruuuhcs of the portal tub, tW 
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heiuitic and r«nal veins, and the pnlmonary veine; those in the interior 
of the cmniiim and vertftbral column, those of the hones, and the trunk 
and branches of the umbilical vein arc also d&atituto of valves. 



CnicrLATiow nr the Arteries. 



Functions of the External Coat of Arteries.— -The external wit 

forms a strong anil tough investment, which, though capable of eitn- 
woii, aiipojira primnpally designed to strengthmi thiO arteries and to gaari 
against their excessive dit^tension by the force of the boart's action, hit 
this coat which alone preveuts the complete seTuranee of an artery wlien 
a ligittnre is tightly applied; the internal and middle coats being divided 
In it, too, the little vntia vn.iorfim (p. 131) find a suitable tissue in which 
to sulKiividc for the aupjily of the nrterial coats. 

Functions of the Elastic Tissue in Arteries.— The purpose o( 
the ehtftic; tiwine, which enters so largely into the formation of all the 
ooata of the arteriest is, (n) to guard the nrteries from the snddpnlv 
exened pressure to wliieb ihey are subjected at each contraction of the 
ventriclea In every such contnvttion, the contents of the ventricles an 
forced into the arteries more qniekly thiin they ran bp discharged into 
and through the cnpillaries. The bluod therefore, being, for an instant, 
resisted iu its onward course, a part of the force frith which it was Im* 
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pellefl is directed against the sides of the aTtcriee: under this fore* their 
elastic walU dikte, stretching enough to receive the blood, and as thoy 
stretoli, becoming more tense and morp reaieting. Thus, by yielding, 
they break the shock of the force impelliTig 
le htood. On the eubeidence of the prestiure, 
when theventriclee ce»fie coutractiug. the art«* 
ries axe able, by the &iime eUstic-il-y, to resume 
i«ir former calibre; {b) It ecgiializos the cnr- 
nt of the blood by maintaining pressure on 
it in the arteries dnring the periods at which 
the rentricles are at rest or (lilating. If the 
arteries had been rigid tubes, the blood, in- 
stead of floH'ing. aa it doeti, in u constiint 
stream, would luive bc«n propelled through 
tilt* arterial system in a flerie*'<of jerk» corre- 
sponding to the Tentricular contructions, with 
intervals of almost complete rest during the 
inaction of the ventricles. But in the actual 
condilton of the arteries, the force of the snc- 
cessive contractions of the Toutrielt-s is ex- 
pended iMirtly in the direct propulsion of the 

lood, and partly in the diUtation of tlie elastic 
arteries; and in the inten-als between the con- 
traction« of the ventricles, the force of the re- 
coil is employe 1 1 in continuing the same direct 
propulFion. Of course, the presfluro tlu-y ex- 
ercise is eijunlly diffused in every direction, 
and the blood tends to move backward ua well 
as onward, but all movement backward is pre- 
vented by the closure of the semilunar arterial valves {p. 114). wliicii 
takea place at the very commencement of the rwoil of the arterial walls. 
By this exercise of the elasticity of the arteries, all the force of the 
ventricles is made advantogeotiB to the ciFculation; for that part of their 
force which is expended in dilating the arteries, is restored in full wlien 
th^y recoil. Thereii! Lhus no luss of force: but neither is there any gain, 
lor the elastic walls of the artery cannot origiuato any force fur the ])ropul- 
sioii of the hlnod — they only restore that which they received from the 
rentricles. The force with which the arteries are dilated every time the 

entricles contract, might be said to be received by them in store, to be all 

ifen out again in thenoxt succeeding period of ililatatitm of the ventrk-Ics. 

'i Is by this eipializing influence of the successive branches of overj* artery 
that, at length, the intermittent accelerations prodaccd in the arterial 
current by the action of the heart, cease to be obeenable. itud the jetting 
•trttun is converted into the continuonft and e<juable movement of the 
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blood which ve see in the cApillarlfs and veins. In the production of « 
continDoua stream of blood in the smaller arteries and capillaries, t^ 
resistance whii:ii lA offered to the blooii-slreiun in these veaseU (p. l»t>>. 
i& a n<i(!e8sary agent. Were tliei-o no greater olstjiele to the ejieap* ot 
blood from the larger arteries than cxistfi to its entranre into them fn^m 
the heart, the Ktre^uu wuuld bu iuterniilteut, nutwithstanding the ala- 
ticit; of the walls of the arteries. 

{c.) By means of the elastic tiwtie iu their walls (and of the muscolir 
tissue also), the arteries are enabled to dilate and contract readily in cor- 
respondence with any temporary increase or dtmiitulion of the toll! 
quantity of blood in the body; and within a certain range of diminutioii 
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Via. l:t3.~RjiiTiiHi:'nilrin<if n^rvmaodtanBteUotilatbeinuKulu- ccMol • mwll amtr «( lb 
troir. I Arnold.) 

Flo, lis— TrBwrenw wwtlnn thrmnj(li a lnrt(o braiDtjli flf die Intntw BWliWrio artery of *M 
e. tfodoUicllhl iiM-inbniiie: i. ^xitiiva. A^Wc^ iulimia. tto iiuliMKbiUuiU bf«r Icmmi: m. tnuacidH' n> 
nlok luwil*, cuaMinfuK unl; n Fm vnvy cUuitlc Ahm; ««, tunlw riasUni eacwniai. dlTldlaic (Dp BbH* 
treniaMOO(iaecUn>llMiMiB(t\i.<'UUU&, <i. tKb^Ul uid NoUeamnb.) xSU. 

of the quantity, still to exorcise due prcssnre on their contents; (d.) The M 
elastic tissue assists in restoring the normal state after diminution of its ■ 
calibre, whether this has been cauRed by a contraction of the mniODkr 
coiit, or the temporary iipjilieatioti of a comprcfwing force from %Tithont 
This ucliuii is well shown in artericB which, having contracted by means _ 
of their miiscnlar element, after death, regain their average patency oafl 
the cessation of posl-mortfni rigidity fp. 142). [e.) By nieniiR uf their 
elastic coat the arteries iire enabled to ailapt themselves to the different^ 
moveitients of the several parts of the body, ■ 

Tension ofArfeneg. — The natural state of all ai-teries, in regard al lea^^ 
to their length, is one of tension — they are always more or less strelchtKl, 
and ever ready to recoil by virtue of their clnirticity, vheneter 
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iiig force in removed. ■ The extent to which the divided extremities of 
ttrtcriea Aitmct is & meii.'^iirt' of this tension, not of their eliiaticily. (Savoiy.) 

• Functions of the Muscular Coat. — The muet imiinftitiit nttl^e of 
tile muemhir cojit i.s, (i) that ot rL-giilating the (iiiaiitity of blood to be 
received by each part or orj^iiu, mid ol adjuBtiiig it to the rmjuireiufiita 
of tjjich, HccoriUiig to Tarioiis circnmstimcins, but, yhiefly, according to the 
activity with wliich the f iinctiontt of eiwr-h lu^ at dillereiit times iierfonned. 
The amount of work done by each organ of the hody varies at diffoi-ent 
times, and the variations oftren quickly eia'ccdl eiit^h other, so that, us in 
the bminr for example, duriiig ttlcep luid waking, within the aanic hour 
a part may Imj now very active and liien inactive. In all its active eier- 
CISC of runctiou, Buch a jiurt rutjuirv* a larjiyr auppiy of bluod than is snffi- 
■icieut for it during the times when it is coniparutirely JnactiV'e. It is >tivi 
Wdent tliat the heart cannot reguUta the supply to each ]inrt at different 
■ periods; neither could this ho regulated by any genera! and uniform con- 
K traction of the artcried; hut it may be reg^iilatcd by the poorer which the 
arterie-1 of cimIi [wrt have, in their mnscular tissue, of eontrariing bo as 
to diminish, and of pa&sivoly dilating or yielding so as to permit an In- 
crcuee of the sapplyof bluod, according to tlie rer|uii-umentti of the part to 
"which they are distributed. And thus, while the ventricles of the heart 
determine the total rinantity of Mood, to be sent onward at each contrac- 
tion, and the force of its j^ropulRion, and while the large and merely elastic 
arteries distribute it and eqtinJize iw stream, the smaller arteries, in addi- 
tion, regulate and determine, Uy meanfloC their muw^ularlissne, the propor- 
tion of the whole quantity of blood which shall he distributed to each part. 
It must be remembered, however, that thi^ reguhiting function of tho 
arteries is itself governed and directed by the nervous system (vaao-motor 
,centR>s find fibres). 

\noiher function of the muRcnkr element of the middle c-oat of arteries 

U (i), to co-operate with the etastio in adapting the calibre of the ves- 

to the qiiiintity of blood which they contain. For the amount of 

lid in tho bloodvessels varies very considerably even from hour to hour, 

d cnn never be quite constant; and were the elastic tissue only present, 

he pressure exercised by the walls of the containing vessels on the con> 

tained blood would beeomelime« very small, and sometimes inordinately 

great. The presence of a muscular element, however, provides for a 

certain uniformity in the amount of pressure exercised; and it is by this 

adaptive, nniform, gentle, muscular con tniction. that the normal /ohc of the 

blood-vessels is maintained. Deficiency of this tnnfi is the ciinse of the 

•oft and yielding pulse, and its nnnatural excess, of the hard and tense one. 

The elastic and muscular contraction of an artery may also be repu-dcd 

as fulfilling a naturni pniiiose when (3). the artery being cut, it lir«t limits 

and then, inconjuuc-tiou with the rougiilated fihrin, arrests the escape of 

blood. It is only in consequence of such contraction and coagulation that 
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we are frco from danger throngli evuri verj" alight wonnds; for it U onlr 
wheu tho urtcry is (-loscttl timt the prooeasu for the more permoiieiit aai 
secure proveiitioi] of bU^eiliii^' iire e»tjibt itched. 

(4) There jipjicars iin reason for euppoaing that the muscular ooit 
asiiiiits, to more thou u TL>ry 8iiiull degree, iu propelling the ouward ciureni 
of blocd. 

(1.) When a small art^^r^ in the living suhject is eipcM>ed to the air or 
coW, it gradually but mauifeetlv coutmuts. Hunter obtterveiJ that tlic 
posterior tihiul iirtory of a dog when hiiil Iwire, i»(?<;iimp in a sJiort iime?o 
much contructed iis iitinofit to ])n!vent the tmimmission of blood; luid the 
obeervation has bticu often and. variously cunfimied, Simple cluticitj 
could not elToct this. 

(i.) When nn artery ie c\it across, its divided ends contract, and the 
onth;es ni:iy be completely closed. The rapidity and completonces of thii 
cijiitmotion vary in different aninuils; they ure generally greater in todm 
than ill old nninials; and less, appnrenlly, in man than in the lower ani- 
muh. 'I'hiH contraction is dite in part to elasticity, but in part, also, u 
muscular action; for it is generally increased by the application of cold, , 
or of nny simple stimulating substances,' or b^- mechanically irritating tbo M 
cut ends of the tirtcrj*. us by picking or twisting them. 1 

(;t.) The contniciilo property of arteries continui-s manv hoare allft 
Jeath, and thus affords an opportunity of distinguishinif it from their 
elasticity. When a portion of an artery of a recently kilkil animal in vi- 
posed, it gradually contracts, and its canal may be thus completely clawii: 
in this contracted state it remain^ for a time, varying from a few boors 
to two days: then it dilates again, and permanently retains the same eiie. 

'J'liis I'wraistence of the contractile property after death was well eliowu 
in an obBcrvaticn of Hunter, which may he mentioned as proving, also. 
the greater degree of contractility possessed by the smaller than by tlio 
larger luleries. Having injected tlie uterus of a cow, which had been 
removeti from the animal upward of twenty-four hours, he found, afler 
the lapse of another d.'iy, that the larger vetisele had become much mere 
turgiii than when he injected them, and that the nmaller arteries liiul 
contracted so as to force the injection back into the larger ones. 
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If one extremity of an elastic tnbe be fastened toa^nfa^.flil,^ 
other be so constricted as to present an obstacle to the escape of fluid. 
we shall have a rough model of what is present in the living body: — Tlip 
syringe representing the heart, the elastic tube the arteries, and the con- 
tracted orilicc the arterioles fsmalleet arteries) and capillaries. If the 
appamtus be filled with water, and if n flnger-tlp be placed on any 
part of the elastic tube, there will be felt with every action of the syringe^ 
an impulse or beat, which corresponds exactly with what we feel in tbs 
arteries of the living botiy with every contraction of the heart, and call 
the puhe. Tlie pulse is essentially caused by an expansion H-are, which 
is due to the injection of blood into an already full aorta; which blood 
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expanding the vessel produces the pulee in it, ainioet ooiticidcntly vrith 
the systole at the left ventricle. As the force of the left ventricle, however, 
is nut expended in dilating the uortu only, the wuve of blood |JUBses on, 
expundtiig the urturieis ufi it govs, running m it were uu the surfuce of the 
more slowly trun'liug blood already contained in them, and producing the 
pnlae w it proeeedit. 

The diatoriHion of each arterj- increuaea both its length and iU diameter. 
In their elongation, the arteriea change their form, the slniight ones be- 
oonxing slightly curved, and tlioac already curved becoming more s<), but 
thcT recover their previous form as well as their diiiiiieter when the ven- 
triculur uontntetion ceiUes, and their elastic n'alls recoil. Tjie increase of 
tltcir curve« wtiich acuompitnied the diiteiuion of arterieif. lud the eiiccced- 
ing ivooil, may h« well seen in the prominent temporal urter}* of an old 
person. In feeling tiie pulse, the finger cmnot dietingiiish the 8eu»ation 
produced by the dilatation from that produced by the elongation and 




ria. Ui— t>lftKr>m of the landt of Action of tbe RjAyirniofcnph. 

ctirring; that which it perceives most plainly, however, is the dilatation, 
or return, more or le«, to the cylindrical form, of the artery which has 
been partially flattened by the Bngcr. 

The poise— due to any given beat of the heurt — is not perceptible at 
the same moment in nil the iirierioa of the body. Thna, — it can bo felt 
iu the carotid a very short time before it is perceptible in the nidial artcn*, 
and in this ve«ecl again before the donml artery of the foot. The delay 
in the beat is in proportion to the distance of the artery from the hciirl, 
bot the difference in time between the bent of any two arteries never 
exceeds probably ^ to j| of a second. 

A distinction mnst be carcfnlly made between the passage of the ware 
along the arteries and the velocity of the utrrtim (p, \(iTt) uf blood. Both 
wave and current are present; bnt the ratf'S at which they travel are very 
diflerunt; that of the wave 1^-5 to :i3 feet per second (fi to 10 metres) 
being twenty or thirty times as great w that of the mirrent. 

The Sphygmograph. — A groat denl of light has lieen thrown Sn 
what may bo culled L1m> form of the pulKC by the ?phygmngra]ih (Figa. 
I!i4 and 125). The principle on which the sphyginograph acts is vety 
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simplfi (bm Fig. 124). Tlie smuU button replaces the finger in the act of 
tukiiig the pulse, and ie made to rest liglitly on the artery, the |iti]aatioiis 
of wliirK it is liesircd to iiiveatigate. The up-und-down movement of the 
l)utliiti im ooiiiiniiiLirattMl to the lever, to the hinder end of which is ai< 
tuL-hed a. slight Bpring. which allows the lever lo move up, ut the eamu 
lime thiil it it) jutil strung ejiough ti> resist its making any sudden jeric, 



Fvi. tiS— The Sph>-gniaKnipti iip{Aim(\ to th« tava. 

and 111 the interval of the bentw idso lr.> nssiBt in bringing it hack to its 
oi'igiual poiiitlon. For ordinary purposes the instrument is bonnd on the 
wrist (Fig. 1X5). 

It IB evident that the beating of the pulse with the reaction of the 
spring w ill cause an up-aTid-down movement uf the lever, the |»en of wliidi 
will u-rjti' tlie cflfeet on a snioked card, which is made to move by clock* 
work in the direction of the arrow. Thus a tnu-irg of the pulse is ob- 
tained, and in this way much more delicate effects can be seen, than am 
be felt on the applicjition of the finger. 

The pulse- tracing differs Bomewhat according to the artery upon which 
the epliygmograph iK applied, but its general characters arc much the 
same in all eases. Itconeifits of: — A sudden upstroke (Fig. Vi6, a\, which 

ie EomeM'hut higlici* uiid more abrupt in 
the pulse of the cnrotid and of other 
arteries near the heart than in the radial 
and other arteries more remote; uud il 
gradual d&oline (b), lees abmpt, and 
therefore taking a longer time than (a). 
It is seldomj however, that the decline is 
an uninterrupted fall: it is usually marked 
about half-way hy b distinct notch (r), 
called the (Hcrotic notch, wliich is canwil 
by a Rec(md more or less marked usccnC 
of the lever at that point by a second ware 
called the dicroiic tmrpe (d); not unfrecpiently (in which case the tracing 
in sjiid to have ii double a]>px) there is also soon after the commencement 
of the descent a Klight ascent previons to the dicrotic notch, this is called 
the prMia'otir uHtvf (r), and in addition there may bo one or mora 
alight ascents after the dicrotic, called /'o*^ dicrotic (b). 
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The eipLanation of theee tracings prc«ent« some difficnUieg, not, kow- 
erer, u regards the two primary factors, tjz., the upttrok© and dowu- 
fltroko, beeanu tlioy fu'c nniToraally takon to mean the Huddon injection 
of blood into the alrea<3y full arterioe, and that this jiti^ai'S through the 
arterr u a ware und cxiHUida tliem, tho gnuhial full of the lerer aigiiifj- 
ing the recorcr)' of the arteries by their recoil. It niuy bo demonstrated 
on a cyBtom of elastic tube^, 5uch as was described above, where a syringQ 
pnnipe in water at regular intervHls, juet ae well ae on the radial arter}*, 
or on a more coniplieated Byetem of tubes in which the he«u:t. the arteries, 
the capillaries und veinti are repre«etited, which is known as an arterial 
tehtma. If we place two or more fiphygniographs upon such a system 

tubes at IncreasiDg dlatanoea from the pump, we may demonstrate 



ns. nT.~Dltt(iwn of Um formaUon ot Uw puIie-Dmdnc. A, pMvuarioB wvn: B, Ibl*l wvr%% 
, Jlaytk wave. QUImniedj 

» 

that the rise of the lever commences fint in that nearcet the pump, 
and is higher and more sudden, while at a longer distance from the pump 
th« wave is leas marked, and a little later. So in the arteries of the body 
the ware of blood gradually gets less utid 1«k! as we approach the periphery 
of the arterial system, and is lost in the rai>ilkriea. By the sudden in- 
jection of blood two distinct wuvea are proiluccil. which are called the 
Iiutal and pereuMnion v&vcb. The tidal wave occurs whenever fluid is 
Injected into an elastic tul>c (Kig. liiJT, b), and is due to the expansion of 
fhe tube and iU more gnuluiU colla})«c. The percussion wave occurs 
fFig. 127, a) when the iinpuleo imparted to the fluid is more sudden; 
tbia caiues an abrupt upstroke of the lever, which then fulls until it ia 
again caught up |>erhiip« by the tidal wave which begins at the eama time 
it ia not so quick. 
Vofc. L— la 
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In thtB war, generally speaking, the apex of the npetroke is doobk, 
Xhe seconil iipetroke, the so-calloJ predicrotio clcviition of the Iotw, 
represpritiii^; th* tiilnl wavo. The (Jouble apex is most marked in trsciogi 
from largo artvrioa, cspociully when their tone is deficient. In tnciiigi, 



Fnl. IS8.— PuW-tTBciuK of miIIaI ntli-ry, u^iui-wlialdiifli'li-iit in Uiu». igwidfraMLI 

on the other hand, from arteries of medium size, tf.jr., the radial, the 
upstroke is o snail y single. In this case the jwrcugsion-impulse is not 
Bafficiently strong to jerk up the lever and produce an effect distinct 
from that of the systolic ipavn wliich immediately follows it, aod whici 



Vin. X)!U—EMLk- tracing of radial ArUry. villi double Kpez. C8«tKlerwa.} 
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continues and completes the distension. In cases of feeble art«rial t«i- 
sion, however, the p^rcusgion-impnlso may be traced by tlie ephygmo- 
graph, not only in the carotid pul(w>, hnt to a less extent in the nidial bI» 
(Fig. 131.). 

The interruptions in the duwnstroko are called the ktitacrotic wan*, 
to distinguirtli tln-in from an intorruption in tliu uiwtroke, called the <«•- 
an'ofic wave, which is occaeiouaUy met with in cases iu whiuli ihe predi- 
orotic or tidal wave is higher than the percussion wave. 




FM. ISO:— Anacrotic pulBc from t, ca^r- ol aarliio Aiii»i:risrn. A. koUTOtle tPftra (or ' 
1*11*1!). B. tidal gr jin-dJcrotic wavo. oontiuunl rl«.' iu Uinalciu (nr lilgtivr tidal ware). 

There is considerable difference of opinion as to whether the dicrolio 
wave is [inwnt in health gencniliy, and also as to its cause. The halancs 
of opinion appeal's to be in farar of thu belief of its pi'cse&ce in hcultb, 
although it may be very faint; while, at any rate, in certain conditions 
not necessai-ily dtKCiwed, it becomes so marked as to be quite plain to the] 
nnaided finger. Such a pulse is caEled rficrotic. Sometime*) the dicrotic ri«| 
exceeds i\w initial n]ifltroke, and the pnUe is then caJled fiffperdit-rofic. 

As to the canso of dicrotism, one opinion is that it is due to a recotciyj 
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of preflFiire during the elastic recoil, iti consequence of a rebound from 

the inirijihcrj, luid it may indeed be produced on a Bchenittby obatructing 

the tube at a littto dlstanco beyond the spot where the sphj'gmogniph 

is placed. Aguinst this view, howuver, is the fflct that the notch 

appearfl at about the eume point in the 

downatroke in tracings from the carotid 

and from the radial, and not first in 

the radial tracings us it should do, Hince 

that artery is neiiror the periphery tlian 

the carotid, and ae> it does in the cor- 

rmjwnding experiment with the arterial 

schema when tlie tube is ohatnicted. 

The generally accepted notion among 

clinical ohscrvors, is that the dicrotic 

ware in due to the rebound from the 

aortic valves causing a second wave; but 

the question cannot be considered set- 
tled, and the presence of marked dicro- 

tism in cases of hwniurrhage, of ausemia, 

and of other wetikening conditions, as 

well OS its presence in caaea of dimin- 
ished preasuro ivithin the arteries, would 

imply that it might, at any rate some- 
times, bo duo to the altered specific 

gravity of the blood within the vessels, 

either tiireetlyor through the indirect 

effect of these conditions on the tone 

of the arterial walls. Waves may be 

produced in any elastic tube when a 

fluid ia bfing driven through it with an 

intermittent force, snch wave^ !>eing 

called waves o/osrillaiion (M. Foator). 

Th«y have received various explana- 
tions. In an arterial schema they var}- 

with the specific gravity of the fluid 

used, and with the kind of tubing, and may be therefore supposed to 

vary in the body with the condition of the blood and of the arteries. 
Some consider the secondftry waves in the downstroke of a normal 

wave to bo due to oscilhition; but. as just mentioned, oven if this lie tlie 

case, as is most likely, with post-dierotic waves, the dicrotic wave itself is 
— almost certainly due to the rebound from the a4jrtic valves. 
^ The anacrotic notch is. usually aissooiated with disease of the arteries, 

e.g., in atheroma and anenrism. The dicrotic notch is called diastolic or 
>rtic, and indicatca closure of the aortic valves. 
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Of the tliree main parts then of a palBe-tncing, viz., the percaBaion 
vravc, the titlnl, and the dicrotic, the percussion ware Ir producc<] bj 
anddcn and forciMe contraction of the heart, perhaps exaggerated bj in 
excited action, and may he transmitted niueli more rapidly than the tJd&l 
wave, and so the two may be distinct; frequently, however, ihey are in- 
Mporable. The dicrotic wave may be as great or greater tbun the other 
tvo. 

According to Mahomed, the distinctnees of the three wares depends 
ti^n the folloving oonditions:— 

The perctusioH watt ia increased by: — 1. Forcible contraction ol tiw 
Heart; 'i. Sudden contraction of the Heart; 3. Large volume of blood; 
4. Fulneffi of v(«34d: and diminished by the reversed conditions. 

The fldnl usitv is increased by:— I. Slow and prolonged oontnction 
of the Heart; 2. Large volume of blood; '.i. Comparative emptineae of 
vcsecU; 4. Diminished outflow or slow capUftiry ctrco- 
lation; and diniinishud by the reversed conditions. 

The dicrotic toave Is increased by; — 1, Sudden coo- 
traction of the Heart; 2. Comparative emptiness of 
veRseU; 3. Incn'-ascd outflow or rapid capillary circn- 
lution; i. Elasticity of the aorui; 5. Relaxation of mu5- 
cnlur coat; and diminished by the reversed conditions. 
One vory important precaution in the use of the 
sphygmogruph lies in the careful regulation of the pm- 
sure. If the proseuro bo too great, the characters of the 
pulse may be almost entirely obscured, or the artery mav 
be entirely obstructed, and no tracing is obtained; and 
on the other hand, if the pressure bo too alight, a rery 
intall part of the characters niay bo represented on the 
tracing. 

Tbb Pressvrb op th^ Blood wirniy the Artebib 
(producing autekial tension). 

It will be understood from the foregoing that the 
arteries in a normal condition, are continually on the 
of l!^rc'rtiriS!55^ Btrek-h during life, and in consequence of the injection 
'*'■■ of more blood at each systole of the ventricle into Iho 

elastic aorta, this stretched condition is exaggerated each time the ventricle 
empties itRoIf. This condition of the art^jries is duo to the pressure of 
blood \tithin them, becaum- of the resistance presented by the smaller ar- 
teries and capillaries (peripheral resistance) to the emptying of the arterial 
system in the iiitt-rviilB Iwtween the coutnictions of the ventricle, and is 
called the condition of arhriul tension. On the other hand, it must be 
equally clear that, as the blood is forcibly injected into the alreatly fnll 
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sries against their elasticitjr, it must be subjected to the prMsnro of 
the arteriu] walls, the eliutic rocoil soiiding on the blood after the imme- 
diate offoct of tho systole has paseed; so thnt, wlu'n hh arivry if! cut Hcruss. 
the blood is projected forwiinl by this force for a considerable distance; 
mt each vontriciiliir syetolu, a jet of blood esi^aping, althoagh the stroatn 
.doet not cease flowing during the diastole. 

Tho relations which exist between tho arteries and their contjiined 

lood are obriously of iho utmost importance to tho carrying on of the 

ition, and it therefore becomes neccasor)' to be ublo to gauge the 
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KtUl B,o.B.KpnMMneKuruiroMKKiwlcf. ttMMgwwhMdfScrootfonQnf Khicku iUkibu Ut next 

alterations in blood-pressnro very accnrstoly. This may be done by 
metttu of a mereurifil manometer in the following way; — ^The short hori- 
montal limb of this (Fig. 133, 1) is connected, by moans of nn elastic tube 
and cannula, with the interior of an artery; a solution of sodium or po- 
tassium carbonate being prerionsly introduced into this part of the uppu- 
ratos to prevent coagidation of the blood. The blood-preeeure is thuo 
oonmiuiikated to the upper part of the mercurial column {'i): and the 
r4epth to which the latter sinks, added to the height to whii-h it rises in 
Ibe other (3), will give the height of the mercurial column which the 
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blootUiireasnro balances; the weight of the soda solution being eab- 
truotcd. 

For tho estimation of the arterial torision at any given moment, do 
further appamttis than thui, which is called Poiseuille's h<Binadpiamojneter, 
is necoBaary; but for noting the variations of prcaBurc in the arterial wn- 
tom, OS well oa its absolute lunount, the instrument is usually combined 

with a re^inferutff apparatus and in this form ia 
eallod a k-ymo(jraph. 

The k> tiiu^Tuph, invented by Ludvig, is 
cdinpoecd t^f a hxinadynamometor, the open 
mercurial column of which supports a floating 
piston and vorticftl rod, with short horizontal 
pen (Fig. IM). The jwn \a adjusted in con- 
tact with a shoct of paper, which is caused to 
move at a uniform mle by clockwork; and 
thus the up-aiid-dowu movements of the mer- 
curial columu, which are commuiucatod to the 
rod and pen, are marked or registered on the 
moving paper, as in the registering apparatus 
of the sphygmograph, and mintito variations 
iiri> graphically recorded (Fig. 135). 

For some purpose* the uprittg kymograph of 
Fick (Fig. 130) is preferable to tlie mercurial 
kymograph. It consists of a hollow C-shaped 
spring, filled with fluid, the interior of which 
is brought into connection with the interior 
of an artery, by means of a fleiible metallic tiiI>o and cannula. Id 
response, to the pressure transmitted to its interior, the spring, e, tends 
to straighten itself, and the niorcment thus produced is communicated 
by moana of a lover^ 2, to a writing-needle aud regist«rlDg apparatus. 



Fki. 131 — Iila^njii ot murvu- 

rlal iiiiuuiuirb-r. u, FUMllatt i'<"l 
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1*10, l8fi.- KonniJ imrtns of ortrrial itrrwuurn In titn rabbit alitaiuni vllh Uw merCBltel iTBtV 

ir»}^ ilu* hiiuUIlt iiiiilliilat lf>tM <-»rr<«|>0'nd with Ue hcATt briUM: ilw liu'irer currn wUli tte i 
VLVtj OKi'vciinonu. t,Diint»ii-J>«iuIrmiD.) 



Fig. 137 exhibits an ordinary arterial pulse-tracing, as obtained by the 
spring- kymograph . 

From obscrvationa which have been made by means of the merotuial 
manometer, it ban been fnund that the jireKsun* of blixMl in the carotid of 
a mbhit is capable of eapporting a cohimn of 3 to IJ^ inches {itO to 90 
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mm.) of mercury, in the dog 4 to 7 inches (100 to Kfi mm.)t in the 
horeo 5 to 8 inches (190 to 200 mm.), niid in mun about tlio same. 

To mettsure the absolute amount of thiiii presyuru in uny artery, it is 
neceamry merely to multiply the urea of its traueverse eection by the 
height of tlie column of mercury which k already known to be supported 
by tho blood- |>r»«i«nre in any pai*t of the arterial system. The weight 
of a colnmn of mercury thns fonnd vill represent the pressure of the 
blood. Calculated in thia way, the blood-pressure in the htimuu aorta is 
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Fto. IM.— A (brm of Flck** Sin-tng Kj-mograph. a. liilw ki Iw L-»[iun-lvat with artay: c, holloir 
OS, Um inav«Enotit o( which movw b. the wrfUiiK lever: r, rcti-w lo ivffulitk- hvtgbl ot b;tt, wit- 
proiacUvs it|iria(: p. wrrrw Ui Itx uii the upr<|(hl: uf Uie iui[i)iurC. 



equal to -1 lb. 4 oz. aToirdupois; that in the aorta of tho horse being 
11 lb. oz.; and that in the radial artery at the luimaii wriet only 4 drs. 
Supposing thti muscular power of tho right ^'cntricle to bo only one- 
half that of the left, tliu blood -pre&eii re in the pulmonary iirlury will be 
only 3 lb. 2 oi. avoirdupoia. The amouuta above stated represent the 
arterial tonsion at lUe time of the ventricular contraction. 
f The blood-preasure is greatest in tho left ventricle and at the begin- 
ning of the aorta, and decreases townrd the capillaries. U ia greatest in 
tho arteries at the period of tho ventricular syiitolD, and la least in the 
auricles, during diaetole. when the preesuro '"^ irreat veins 

becomes, as we have even, negative. tials 

the average of the pressures in « 
reina is never more than one-tenth 
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artoriea and is greatest at the time of auricular systole. There is do peri- 
odic vttriutioD in venous pressure, as there is in the artemi, except in 
tlie great Teius. 



Tut. 197.— Nunual arti^rial tnuiing ubtoltuxl wiili I'lck'i^ kyiii(.t,TUL>li In ib« doc. 
Suderaoo.) 
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Variations of Blood Pressure.— Many circamstancescaMe con- 

siderablo variations in the amount of the blood-pressure. The followinit 
are the chief: — (1 ) Ckaiujes in (he beat of the Heart; (2) Changu in tkt 
AiteriuM ami Orpilfrinef; (3) C/iniiffes dua to Nerve Adian; (4) (^up^ytt 
ill (he Blood; (5) KeKpiraiory Chaiipes. 

1. Chau'jes in llw Heat uf ihn Heart. — ^The systole and diastole of the 
miiBculoi' chambei'». The artcriul lensiou iticn'ii«o« during systole and 
diminishes during diastoie. The ^ater the frequency, moreover, of tli* 
heart's contractions, tho greater is tho blood-pressnre, eateris pariht; 
altliough tills etTeet is not constant, as it may be com])en3sted for by tbn 
deliTory into the arteries ut eaelt beat of a comparatively small qnantiij 
of blood. The greater the quantity of blood expelled from the heart st 
each eontruction the greater is the blood- pressure. 

The qoimtity and (juality of tho blood imuriBhing the heart's snbetance 
through the coronary arteries must exercise ako a very considenUs 
influence upon ita action, and therefore ui>on the blood- pressxire. 

3. ChangfH in the Arteries and ('(tpilhries. — Variations in the degree 
of contraction of tlie Rnialler arteries modify the blood -pressure by f»Tor- 
ing or impeding the accumulation of blood in the arterial system whirh 
follows every contraction of the heart; the contmctiou of the arterisl 
walla increasing the blood -pressure, while their rclajcation lowers it. 

3. ('huntje.H due to Nerve Adion. — As with tho heart., so with tho 
blood-vesscils, the action of the nervous system is very important in rels- 
tion to the blond-preesure; regulating, as it does, not only the force, fre- 
qnency, and bngth of the heart's systole, but also the condition of the 
arteries, both through tho ccntnil and peripheral vuso-motor centres. As 
this subject luis not yet been fully considered it will be as well to treat of 
it here. 

It is upon the muscular coat of the arteries that the nervous system 
exercises its influence; the clastic element possessing, aa must bo obvious, 
rather physical timn vital prupertit'S. The tnuHculnr tissue in the walls 
of the veesela increases relatively to the other coats as the arteriee 
smaller, so that in the smallest arteries it is developed out of all 
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on to the other elements; in ttu-i, in passing from ca]>illary vpsaets, mmlo 
up as we have socn of endothelial cells vriih a ground Biibetancc, the first 
ofaange vhich occurs a» the vesseU become larger (on the eide of the 
arlerioB) is the ttpjjearauce of mitacular fibres. Thus tbe nervous system 
is more jwwerful in regulating the culibrc of the smaUer than of the Inrger 
arteries. 

It has been shown that if the ccrvit-al sympathetic nerve be divided in 
a rabt>it, the Idood -vessels of the corre&]>om)ing side become diluted. The 
effect ia be^t ecen in tbe car, which if held up to the light is seen to 
become redder, and the arteries to bet'orne larger. The wbole ear is dis- 
tinctly wariner than the opfiosite one. This effect is produced by remoT- 
ing the arteries from the inlluence of the central nervous system, which 



Fid. 13^— Plt<ttiyunnerftph Ry rneanH i>r ililn iijjiiHraiiiH. liic uI^tuhiju in ^oliiiiieof ilu-ann, 
R. whlih In nni-kncil In Kg''*" tnbi>. jt, fllli-il with fliim. tin- opi^iriK ihimtt;!) H-hli-h it rxuvui lining 
Druilf chMvd by ■. ilil(.')iirii<iA [>i-n')ut Imiil, f. ix iiiiuiiiiinli '»)•'• I >'• ili'- Ii'v.t, a. uiid ri-](lai>-ni| >>)' n 
rMordlng apoftnUuK. Tnrnui<l In i, fihiniiiimii^d'.i mIiIi that in n, tin- niiinr limit nf whii'h is Altnra 
thyl In jL Tbe cIiIe( altaraUiiiiit III v<iUiiiii> DTv tliiK i<i Blii'rniliiii in (li< (<lif il i^-utaliuvl In ilit]i utn. 
Wlm tiw volume iA iOCTi^AA^I. flui<l iHum-n i.m i.r Ihi- slaHnyllmti-i. lunl ili>- Ir-.ri'. i>. &Iih> is r«iited, 
and <rbMi ■.dwcraMsi mIcm pbuv tlic Iliiiil rr-liirnik iiuralii fri>ni h In « It will ilu'ii-fun- Iip cvldPTit 
that Ui« apjiantUB In capAtilu of rvc^irilltiic Ali--rittt<iiin of hli-vl ]iiv>vtiirr in tlit.- n.rtti. Aiipnrains 
fnuDiltKl apaa theaanis |irluclpli- Iwve li<*ii iukxI fur mxn\lJii)( >Iti-rjidoiuuitbuTuluiuauf Umi>pl«m 
Mid3ddne7- 

influence usually passes ^own the divided nerve; for if the peripheral end 
of the divided nerve (i.e., that farthest fri)m the brain) l)e atiniuljited, 
the arteries which were before dilated retnm to their natural siae, and 
the pai*tB regain their ])rimilivc condition. And, besides this, if the 
stimulus which is appliisd be too strong or too long continued, the jioint 
of nomiftl constriction is passed, and the vessels become much more con- 
tmcted than normal. The njiUiral condition, which is somewhere abont 
midway between extreme contraction and extreme dilatation, is called tbe 
natural fomt of an artery, and iS this be not maintained, the vessel is said 
to have lost tone, or if it be exaggerated, the tone is said to bo too great. 
The influence of the nervous system upcn the vessels consista in niaintain- 
iDg a natural tone. The effeiits descrilH-d as having been produced by 
section of the cer^-ical sympathetic and by subsequent stimulation are not 
peculiar to that nerve, us it has lieen found that for every part of the 
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body there exists a nerve the division of which prodaoes the same effectt, 
viz., dilatation o( the arteries; auch may be cited as the case with the _ 
eciutic, the eplancluiic nerves, and the neiree of the brachial plexus: I 
when divided, ditatatinn of the bloMl-vosaelii in the ports supplied bf ' 
them taking place. It appears, therefore, that nerves cxiat whioh have a 
distinct control over the vascular supply of » part. 

Thi'w* iK'n-iifi are called vaMo-7Hoiftr; or, since thej seem to run now 
in ccrebro-epinul uorvcB, now in the gjinpathctic, wo speak of tboee 
nerves as containing vaso-motor &bree, in addition to the fibres whicb 
have otlicr functions. 

Vaso-motor centres. — Eiperimeuts by Lndwig and others shor 
that the vaso-motor fibres come primarily from grey matter (vaso-motor 
centre) in the interior of the medulla oblongata, between the eahmur 
geriptorins and the corpora <fuadrigtmina. Thence the vaao-motor filii*s 
pn^ down in the interior of the spinal cord, and iaauing with the anterior 
roots of tiie spinal nerves, traverse the varioua ganglia on the pnc-TerteUml 
cord of the synipatheticj and, accompanied by branchen from thicv 
gimglia, pass to their destination. 

Secondary or subordiuato coDtnss exist in the apinal cord, and tooil 
centres in various regions of the body, and through these, directly under 
ordinary clrcnmstimces, vaso-motor changea are also effected. 

The influence exerted by the chief vaso-motor centre la called into 
play in several ways, but chiefly by afferent ^sensory) stimnli, and it waf 
be exerted in, twn ways, either to inerenso its usual action which main- 
tuina a medium tone of tlie arteries or to diminish such action. Tliii 
afferent intluence ujion the centre may be extremely well shon-n bytte 
action of a nerve the existcnco of which was demoutitmteil by Cyon and 
Litdwig. and which la called the depreteor, because of its obaract«rigtie 
influence on the blood-pressure. 

Jiepressor -Verre. — This small nerve arises, in the rabbit, from tin 
superior laryngeal bmnrh, or from thlfi and the trunk of the pnenmoga*' 
trie nerve, and after commnnicatingwith filaments of the inferior cerricil 
ganglion proceeds to the heart. 

If during an obaervtition nf the bloml -pressure of a rabbit this nena 
bo divided, and the central cnil {i.e.. that nearest the brain) bo stiraii* 
lated, a remarkable fall of blootl-ijre^sure ensue* (Fig. 139). 

The cause of the Tall of blood-pressure is found to proceed from ths 
dilatation of the vascular district supplied by the splanchnic nerves, in 
conK'qucnce of which it holds a much larger quantity of blood than nsuaL 
and this very greatly diminishes the blood in the vessels elsewhere, and 
so materially affects the blood -pressure. This effert of the depressor nerra 
is presumed to prove that the nerve is a means of convoying to the vaBO< 
motor centre indications of such conditions of the heart as require a 
diminution of the tension in the hlood-veiwels; as, for example, when the 
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henrt cannot, witit sufficient case, propel blood into the already too full or 
too tenae arteriofl. 

The tujtton of the Uepneseor nerve illuBtrtites tlic offoct of oflorcnt im- 
pulses in causing on inhibition of tho vaso-mutor cectre as regunk its 
action upon certain urterius. There exist other nerves, however, the 
etinmlwtiou of the ceutml end of whicli cauties a reverse action of the 
c«ntr«, or, in other won]«, increases its tonic influence, and bj causing 



^-V/N 



'LA rt.n AAJUL 
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considerable constriction of certain arterioles, either locally or generally, 
increawB the Wood-pressure. Moreover, the effect of stimulnting an 
afferent nerve may bo to dilat* or constrict the artoriea either gencraWy 
or in the part supplied by the afferent nerve; and it is eaid that stimula- 
tion of an nffi-rent nervo may pnHliurc n kind of paradoxical effect, imusing 
general vascular constriction and so general increase of blood-preseure but 
at the sauie time iimtl dilutatiun. 'I'iiie must evidently buve an iijiuieu»e 
influence in increasing the flow of Mood throngh a part. 

Not only may the vniso-motor centre be refiexly affected, bnt it may 
also be affectetl by impulscB proceeding to it from tho cerebnim, it-* in the 
case of blufihin^ from tniiul iHsliirbance, or of jiallor fro|n eiidilen fear. 
It will be i^hown. too. in the chapter on Respiration that (he circulation 
of ileoxyjrt'Mated blood may directly fitimnlate the centre itself. 

Local Tonic Centres. — Although tho tone of the artei-ies is infln- 
cnced by tho centres in the cerebro-fijnnal axis, certitiii expfrimenU point 
out that tliis is not the only way in whitih it may be affected. Tbns the 
dilatation wliich occurs after Bection of the cerviral sympathetic in the 
first experiment cited ahove. only rtiniiiiiiB for a «liort time, and is soon 
followed — ultiiough a portion of tho nerve mnv have been removed 
entirely — by the vesseU regaining their oi'dinary caHbre; and afterward 
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local stimnlatioii, ^.jr., the application of heat or cold, will catue dilatation 
or constriction. From tliia it is probable that there exists a loctl 
mechanisin distinct for each vascnlnr area, and that thu effect producwl 
hy the central nervous system mrta Ihrotigh it much in the same wnv as ttr 
cardio-inhibitory ocntro in the modnlla acta upon the heart throngh lie 
ganglia contained within ittt. muscular Bubstancc. 

Centml impulses may inhibit or increase the action of iheee loml 
centres, wliich may be considered to be sufficient under ordinary circnm- 
fitAnccs to maintain the local tone of the Tessels. The observations upun 
the functions of the vaso-motor nerves appear to divide tbom inlo /ou; 
clftsaes: {1) those on division of which dilatation occurs for some timf. 
and which on stimulation of their peripheral end prodnce constriction; 
(2) those on division of whlcli morneutary dilatation followed hy conrtnc- 
tion o(.-uurH, with dilatation on stiiiiulalion: (3) Ihoee on division of vrWb 
dilatation is caused, which lasts for a limitod time, with constriction if 
stimutittcd at once, but dilatation if some time is allowed to elapee befoK 
thu stiiuiilatiou is applied; (4) a clasii, division of which produces no 
effect but which, on stimulation, causi^ according to their function eithc: 
dilatation or constriction. A good example of this fourth class isaffortt^J '! 
by the nerves applying the submaxillary gland, Tir„, the chorda tympani 
and the symiwilhetic. When either of those nerves is simply divided, 
no ehango take^ place in the vesaels of the gland; but on stimulating thf 
chorda tympani the vessels dilate, and, on the other hand, when the 
symputliL'tic is ftiniulatcd the vessels contract. The nerves acting lik? 
the chorda tympani in tliia euse are called vam-ilitaiorn, and those like 
the sympathetic iiuQ-cofisfriciors, The third class, which prodnoe at one 
time dilatation, at another time constriction, are believed to coatoia botli 
kinds of vaso-motor nervo-fibrea, or to act as dilators or contradon 
according to the condition of the local apparatus. It is probable thstfl 
these nerves act by inhibiting or augmenting the action of the local ncrr- 
oua mechanism already referred to: and as they are in connection witH 
the central nervous system, it is through this arrangement that that en- 
tom is cji]Miblo of influencing or of maintaining tbe normal local tone. 

It may also be supposed that the local nerve-centres themselvi^ may 
be directly ad^ted by the condition of blood nourishing them. 

The following table may servo a^ a summary of the effect of the nerr* 
0U8 system upon tbe arteries and so upon the blood-presaQre:— 



A. An increase of the blood-pressure may be produced: — 

(1.) By etimulation of the vaso-motor centre in medulla, either 
a. Dirtctly. as by carbonak'd or deoxygenated blood. 
/S. Indirfci!t/, bv impressions descending from the cerebrnm, 

e.ff.. in siidiien pallor. 
y. Refifxl^, by stimulation of sensory nerves anywhere. 
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(2.) By stimulation of the centres in spinal cord. 

Poasiblv (lirtM^tlv or indirectly, certainly reflexly. 
(3.) By stimulftiion of the Jocal centres for each thbcuIw area, by 
'the vaao-couBtrictor nerves, or directly by nieaiiii of altered 
blood. 

B. A decrease of the blood pressure may be produced: — 

(1.) By siimululiou of the vaao-inotor centre in metluUa, either 

1a. \ Directhf, as by oxygenated or aCrated blood. 
yS.) lutiirectlv, by impreesions dcsccuding from the cerebrum 

— e.g., inoIuBhiiig. 
{y.) Jirflivli/, by Rtimulation of the thprtesm' nerre, and 
conaequent illlatatioti of veswls of splanclmic area, and 
possibly by Htiniiilatiott of other eeneory neni'us, the sen- 
sory impulse bi'ing; inti^rprotcd as an indication for 
dirntninhed blood-prufisure. 
By Hllmiilation of the (^entrod in spinal cord. Possibly 

directly, intlirPCtly, or reflexly. 
By Btiniidati'iti of ]<ical centres for cw\\ vafiriilnr urea by tlio 
Vaso-dilator nerve, or directly by mwius'iif idiered blood. 



4. Change$ in the Mood.^a. As regards ytrrtw/iVj/. At first flight it 
would appear that one of the easiest ways to diminifth the blood-preasurD 
would b« to remove blood from the veKseU by bleei^Hng; it has been found 
by experiment, however, that although the blood -prpMure sinks whilst 
large abstractions of blood are taking pliu^e, as scion us tho bleeding ceaMiB 
it rises rapidly, and speedily becomes normal: that is to say, unless so 
large an amount of blood \\a» been taken as to be jiositively dangerous to 
Ufe^ abetmctton of bkKHl Iuia little elTi-ct u|>on the blood- prcseiiro. The 
rmptd return to the uomiol pressure is duo not so much to tbe withdmwal 
of lymph and other fluids from the body into the blood, as was formerly 
aopposed, as to thi* regulatiou of the ]ieripheral resistance by the toso- 
motor nerves; in other words, the small arteries rontract, and in so doing 
maintain pressure on the blood and favor its acrumnlation in the arterial 
syat«m. This is due to the stimulation of the vaso-motor centre from 
diminution of the supply of bloo*!, and thrreforo of oxygen. The failure 
of the blood-pressure to return to normal in the too gn-ut abstraction 
must be taken to indicate a condition of exliauetion of the cuntre, and 
ooDwquently of want of n-gulation of the peripheral resistance. In the 
■amc way it might be thought that injection of blood into the already 
pretty full vessels would be at once followed by rise in the blood-pressure, 
and this is indeed the fase up to a certain point — the prcssnro docs rise, 
bat tber^ is a limit to the rise. Until the amount of blooil injected 
equals about 2 to 3 per cent, of the body weight the pressure continues to 
riae gradnally; but if the amount excoed this prr>i>ortion, tho rise does not 
eOjUiBue. In this casu therefore, as in the oppoiiite when blood is at> 
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Btract«d, the vaso-motor apparatus mnet counteract the great hicreaK of 
prefiHore by dilating tlie small vessel*, autl so diminishing the periphwil 
resistance, fur uftvr euL-h rm* there i» » partial fall of pressure; and aftn 
the limit i» reached the whole of the injected blood diapUcec, u it irvn, 
an equal quantity wliich passes into the small reins, and remains iriiliin 
them. It should be remcmlwrcd ilkat the veins are capable of holding 
tilt- whole ot the blood of the body. 

The amount of blood supplied to the heart both to its substance sad 
to its chambers, has u iriarkud effect upon the blood-]iro«i!nre. 

b. As regards rjuaiity. The quality of the blood sapplied to the heart 
has a distinct effect apon its contraetionj as too watery or too little 0x5- 
geunted blood must interfere vitli its action. Thug it appeakrs that blood 
contuining certain substances aiTects the peripherHl resistance by aedtif 
npon the muKculnr fibres of the artcriolcti ihcmsclrcs or upon the local 
centres, and so altering directly, as it were, the calibre of the vessels. 

5. Ife/ijjirfrtorif ritnugett affecting the blood -pressure wtU be cousidered 
in the next Chapter. 

ClHCULATIOK IN THB CaPILLAWES. 

Wlien seen in any tmnsparont part of a living adult animal by mesM 
of the microscope (Fig. 140) the blood flows ■with a constant equable ii»(t- 
lion: the red blfwul -corpuscles moving along, mostly in single file. lUid 
bending iu various wayato occommmlale Ihemselves to the tortuons courw 

of the capillary, but instantly recovering theu 
normal outline on reaching a wider veeeel. 

It is in the capillaries tliat the chief rcoft- 
anceis offered to the ])rogress of the blood: 
for iu them the friction of the blooil is gr«il» 
increased by the enormous multiplication of 
the surface with which it is brought in con- 
tact. 

.\(: the circumference of the stream in the 
larger eapillarioB, hut chiefly in the small a^^ 
ries and veins, in contact with the walls of 
the vessel, and adhering to thcm^ there is 
a layer of liquor eanguinis which appears to 
be motionless. The existence of this stUl laytr, u it is termed, ii 
iuferred both from the general fact that snch an one exists in all finr 
tubes traversed by fluid, and from what can be seen in watching tlje move- 
ments of the blood -corpuscles. The re<l corpuRclcs occupy the middle of 
the stream and move with compiirative mpidity; the colorless lymph-cor- 
puscles run much more slowly by the walls of the vessel; while next to 
the wall thpre io often a transparent B])aco in which the fluid ap]>ears to 




Flo- l*n--fl».pin«ri™ (Ci In Uie 

HUBll Bn4Yy lA'i wlrhttamftU •«Ui V 
(Kftec AUeu TlniJiXMilil. 



CIBCULATION OF TIIZ BLOOD. 



159 



be at rest; for if any of tne corpTiscles hapjwn to he forced within it, tliey 
move more slowly than before, rolling luzily ulong tho side of the veescl, 
and often adhering to its wall. Part of this slow movement of the jiale 
corpuscles and tUeir occasioiud etoppuge may be due to their having a 
natural tendency to adhere to the walls of the vewels. Sometime«, in- 
deed, when the motion of the blood Ib not strong, many of the white cor- 
puscles collect in a cupillary vestieh and for a time entirely prevent the 
puebta^c of the red corpuaclea. 

Intermittent flow in the Capillaries. — When the peripheml re- 
siBtiiiicu is greatly iliruiiiishfil by thy iHIaliili'ni of the sitiall urttTies and 
capillaries, so much blood passes on from the artohes into the capillaries 
at each stroke of the heart, that tliere in not siitticient remaiiiinj; in the 
artericfl to distend them. Thns, the interrnittcnt cnrrent of the ventric- 
ular syatole is not wmverted into a tontinuooa Htream by the elasticity 
of the artericfi before the capiilarica ai-e roaohed; and so intermitteiicy of 
the flow occurs in capillaries and VGins and a puUc is produced. The 
same phenoritenoniiiay occur when the arteries become rigid from disease, 
and when the beat of the heart ie so slow or so feeble 
that the blood at each cardiac systnie htm time to paas 
on to the capillaries before the next stroke occurs, the 
amount of blood sent at each stroke being insufficient 
to properly distend the elastic nrtories. 

Diapedesis of Blood Corpuscles. — TJntil with- 
in the liuil ffw years it Inie been generally supposed 
that the occurrence of any tmnaudHtioti from the in- 
terior of the capillaries into the midst of tlie sur- 
rounding tissucB was confined, in the alienee of 
injury, strictly to the fluid part of the blood; in other 
words, that the oorpuficlca oould not OBcajw from the 
circulating stream, tinless the wall of the containing 
blood-vessel were ruptured. It is true that an Eng- 
lish pbysiologiat, Augustus Waller, ailirmej, in 1846, 
that he had socn blood -corpuscles, both red and white, 
pass bodily through the wall of the capillary venael 
in which they were contained (thus confirming what 
had been stated a short time previously by Addison); 
and that, aa no opening could be seen before their 
escape, so none coiikl bo observed afterward — so 
rapidly was the part healed. But these observations did not attract 
much notice until the phenomena of escape of the blood -corpuscles from 
the oapillanea and minute veins, apart from mechanical injury, were re- 
discovered by Profesflor Cohnheim in 1867. 

Uohaheim's experiment demonstniting the paiwage of the eorpusflea 
ill the wall of the blood- ve6;)el, is performed in the following man- 
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ner. A frog is arariz^, that is to say, pnralysis is produced bj iD)nt- 
ing under tlif^ Akin a tniiiutc qnantity of the poison called nrari; and the 
abdomen having been opened, a portion of small intestine is drawn uot, 
ami ittt trunsparent moo'entery Kprend citit under a microsoopc. Afters 
variubk titno, ofitiupicd by dilatation, futtowing contTscticm of the minute 
vc&t>(<lK and acconipanyiug <|uickening of the blood -stream, then* ensuct ■ 
r&tardatiuii vi the viirrvnt, anJ biood-corpUHcles, bulb rtsd and white, 
begin to make llieir way through the capillaries aud small vein*. 

"Sitnultnnconsly with the retardation of the blootl-etream. the kit- 
coeytes, in»U;ad of loitering licre and there at the edge of the axial cur- 
rent, begin to crowd in nnmberFs again!<C the vascular walL lu this way 
the vein bccomoB lined with a (.'Dntimioue pavement of these bodie*. which 
renmin atmodt motionlet^, imtwithstaiiding that the axial cnrrent Bveeps 
by them an oontiuuously as before, though witii abated velocity. Nov is 
the moment at wliicb the eye must be fixed on the ontcr contour of tk 
vesBel, from which, here and there, minute, colorlesa. button-shaped el«- 
vations Bpring, juet as if they were produced by budding out of the wall 
of the vessel it«elf. The buds increase graflually and slowly in aixe, nntfl 
each assumes the form of a hemispherical projection, of width corcwpoBd- 
ing to thiit of the leneocyto. Kvenliially the hemisphere is converted into 
a |)oar-sha|ied body, the small end of which is still attached to th6 8UT&» 
of the vein, while the round part projects freely. Gradually the little 
miu« of protopluHm n^moves itself further and further away, and, ss iL 
does BO, begins to shoot out delicate prongs of transparent protoplasm (nun 
its surface, in nowine diffeiing in their aspect from the slender thread br 
which it is still moored to the vessel. Finally the thread is severed snd 
the process ia eom])]ete." (Bunion Sandorson.) 

The process of dierpedesis of the red corpuscles, which occars under 
cireiuntitanceB of inipeiiutt venous circulation, and oonaequently in- 
creased blood-presBUre, rceemhlos closely the migration of the leuw- 
cytes. with the exception thut they are squeezed through the wall of 
the vessel, aud do uot, like them, work their way through by amaboid 
movement. 

Various explanations of these remarkable phenomena have been aug* 
gested. Some believe that minute openings {»tufnmia ot pseudo tttomaia) 
between contiguous endothelial cells (p. 133) provide the means of escape 
for the blood -<;orpU8clcg, But the chief share in the procesB is to be fouitil 
in the vital cndownicntH with respect to mobility and contraction of tha 
parts concerned —both of the corpuscles (Bastian) and the capillary wall 
(Strieker). Bunion- Sanderson remarks, "the capillary is not a dead 
conduit, but a tube of living protoplasm. There is no difficulty in un- 
derstanding how the membrunc may open to allow the escape of lencocytee, 
and close again after they have passed out; for it is one of the moat strik- 
ing peculiarities of contractile substance that when two parts of the same 



ore sepunted, and again brought mU> conUct, Ui«; melt together m 
if they hiui not been severed.^ 

Bitherto, the l>((cu|w uf the corpn«cle8 from the interior of the blood* 
TOMeltt into the surrounding lit<fiues tm>i been ittutlicd cliiotly i» cnnimction 
with pathology'. But it is impossible to eay, at prcaent.. to vlmt degree 
the discovery may not itiflnence all pre«eiit uoliuiis ruganling t)ie imtritiuti 
of the tiaoncs, eren in hciiltli. 

tVUal Capillary Forre.—Thti circulation through tho aipillarit'B must, 
n?ce(eity, bt largely influenced by that which oeciirs in the vvbb>Ib on 
either side of them— in the nrteries or the veiim; tlmir iiLtennudiaAc poei- 
lion causing thom to feci at onco, so to speak, any alteration in the size 
or rate of the arterial or venous blood-fttream. Thus, the apjiHrent con- 
traction of the eapiUariM, ou the application of certain in-itating 8ub> 
stMices, and during fear, and their dilatation in blupliing, may l>e referred 
to the action of the small arteries, ruthor than to that of the capillariee 
themaclvoe. Bnt largely m the capillariea are influenced by these, and by 
the ronditions of the parts which surround and euppori. theni, their own 
endownienfcfi must not bo disregarded. They must be looked upon, not aa 
mere passive channels for the passage of blood, hut lu possessing endow- 
ments of their owu (vital caj>illury force), in relation to tliu oireulatiun. 
The capillary wall is actively living and contractile; and there is no reason 
to donbc that, as sQcfa, it must bare an important iuflucuoe in counectioa 

rith the blood-current. 
Blood -Pressure in the Capillaries. — l^romobaerrations upon the 
Web of the frog's foot, the tongue and mesentery of the frog, the tails of 
iwwt«, and small fishes (Koy and Brown), as well as upon the skin of the 
finger behind the nail (Kries), by careful estimation of the amount of 
proasure required to empty the vcseels of blood under varioua iximlilions, 
it appears that tlie blood -pressure is subject to variations in the capillaries, 
apiiorently following tlie variations of that of the arteries; ami that up to 
» certain point, as the extra vtvscular ]>re8sure is increaMnl. so.dove the pulse 
ID the arterioles, capillaries, and venuten become more and more evident. 
The pnoBure in the first case (web of the frog's foot) has been found to 
beeqtul to about 14 to 3(>mm. of mercury; in other experiments to be 
jgn|t to about ^ to | of the ordinary arterial pressure. 

■ Tbe blood-current in the veins is maintained by the slight vis a torgo 
innuning of the contraction of the left ventricle. Verj- effectual aniit* 
onoe, however, to the flow of blood is afTorde*! by the action of the muscles 
capable of pressing on auch veins as hiive valve*. 

The effect of such muscular pressure may be thus explained. When 
ptfrore is applied to any jiart of a vein, and tbe current of blood, in it ii 
Vol I.— 11, 
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obetructed, the portion behind the seat of pressure becomes swollen ind 
(liateiulcd as far buck as to the next |mir of volvcifL Those, acting like Um 
somiluiiar valves of the hettrt, luu] being, like them, inext«nsible both in 
themselvea and at their margins of iittachment, ilo not follow the vein in 
its disteusiou. but iire druwn out towanl the axis of the eansl. Then, if 
the prfiMXire coiitinue* on the vein, the cuiupresat'd blood, tending to moTt 
equally in all directions, presses the valves down into contact At tboir 
free edges, and they close the vein aiid pverent regurgitation of the blood. 
Thng, whatever force is exercised by the pressure of the muscles on tlic 
reins, is distributed partly in pressing the blood onward in the pn>)>)-T 
course nf the drctihition, and partly tn pressing it backward and closing 
the valvM behind (Fig. 128, A and B). 

The eirculutton might loee as much aa it gains by sucit compreeolon of 
the veins, if it wure not for the nunieront- unustomoses by which tbcy 
communicate, one with another; for through tliesc. tht! closing up of Dm- 
Venous chaimel by the backward pressure is prevented from lieing any 
serioug hindrance to the circulation, ^ince the blood, of wliich the omianl 
course w arrested by the closed valves, can at once pass through wme 
anastomosing channel, and jiroceed on its way by another vein. Thiwi, 
therefore, the effect of muacnlnr pressure upon veins which have vaJvM, 
is turned alnmsl entirely t-r> the advantage of tlie circulation; the prenaie 
of the blood onward'tstdl advantageous, and the ]iressure of the blood bark- 
ward is prevented from being a hindrunce by the closure of the vtilTes and 
the aiuistoniiiscs of the veins. 

The effects of such mnacnlar proHim are well shown by the aocelcn- 
tion of the sti-eani of blowl when, in reneeeclion, the nuificles of the fow- 
arm are put in action, and by the general acceleration of tho circulation 
during active exercise: and the numerous movements which are continu- 
ally taking pW>e in the l)ody while awake, though their single efiecte niST 
be loss striking, must be an important auxiliary to the venous circulation. 
Yet they are not essential; for the venous circulation continnes nninn 
[Hiire^l In partti at n«t, in paralyzed limbs, and in jmrts in which the veiiu 
are not subject to any nnisonlar pressure. 

Rhythmical Contraction of Veins.— In the web of the bat's wing, 
the voius are furnished with valves, and poi^sess the remarkable property of 
rhythmical contntction and diliitiition, whereby the current of blood williin 
them is distinctly acceU'raU'il. (AVliarton Jones. ) The i-ontraction occun, 
on an average, about ten times in a minute; the existence of valve« pie- 
venting regiir}>;it.atinn, the entire oflfoct of the onntrnctions was auxihury 
to the onward (;nrrciit of blood. Analogous phenomena have been fre- 
quently obsorrcd in other animals. 

Blood-Pressure in the Veins.— T]ii>l)lfMMi-preBeurp gradually falb 
as we jtrocpofl from tlic heart to the arteries, from these tn the oapiljaries, 
and thence along the reins to the right auricle. The blood-prasenra in 
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the veiw U nowhere very great, bat u greatest in tbe email veina, while 
iu tlic large veins toward the heart the pressure bccomee n^aiive, or, in 
other words, when a vein h put in connection with a mercurial niauoiueter 
the mcrcnry will fiUl in the arva. furthest Hway from thi; vein and will rise 
in the arw nearest tbe vein, huving u tendencv to Buck in rather than to 
pUfili forward. In tho veins in the neck thid tendonr-y tn siick in air is 
i-£[>eciully inurked, and is the caui<e of deuth in eomo operatiuns in that 
region. The amount of pi-essure in the brachial vein is said to supiiort 
9 mm. of mercury, whereas tho pressure iu tho voiu^ of the nock is about 
cf^aal to a negative pressure of —3 to —8 mm. 

The Tariati<)us of Tenons pressure during systole and diastnle of the 
heart arc very ulight, and a distinct pulse is seldom seen in veins except 
under rcrj- extraordinary circumstanceH. 

The formidubte obetjicle to the upward current of tho blood in tho 
veins of tho trunk anit extreraititMi in the erect posture BUpjKised tobo pro- 
eented by the gravitation of tho blood, hiia no real oiistence, since the 
pmntre exercised by the column of bliHid in the urteries. will he always 
sofficient to support a column of venous bioud uf the sjune heigltt an ttaelf : 
the two columns mutually balancing each other Indeed, so long as 
both arlerics and veins contain continnons columns of blood, tho force of 
Invitation, wimtever be the poeilicm of the body, cmi have no power to 
move or renst the motion of any part of the bloorl in*ny direction. The 
lowest blood-vessels have, of course, to War the greatoet amount of pre^- 
sare; tho pressure on each part Wing directly proportionate to the height 
of the column of blood above it: hence their liability to distension. But 
this pressure bears efjually on both arteries and veins, and caimot either 
more, or resist the motion of, tho fluid thoy contain, so long as the col- 
nmns of Quid are of equal height in both, and continuous. 



Velocity op the Cibcul&tion. 

Tbe Telocity of the blood-current at any given pmnt in tho varions 
dtTittons of the circuUtory system is inversely proportional to their 
MCtional area at that point. If the sectional area of all the branches 
of a reaelKimted wore always the same as that of tbe vessel from which 
. tbey arise, and if the aggregate sectional area of tho capillary veswls 
wen eqnol to that of the aorta, the mean rapidity nf the Mood's mutiou 
in tha capillarios would bo the same as in the iiortn and largest arteries; 
and if a simitar correspond enoe of capacity existed in tho Teina and 
aiterics, there would W an efpial corresiHiudent-e iu the rapidity of the 
circulation in them. But the arterial and venous systems may bo rep- 
reeented by two truncated conea with tlieir apices directed toward the 
heart; tho aren of their united base (the sectioiud an<a of tlie i-u])iltaries) 
being 4UU — UOU times as great m tliat of the truncated a|K-x reprettenting 
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the aorta. Thus tho velcKity of blood in the copillaries is at least ^ of 
thut ill tilt.' iicirtu. 

Velocity in the Arteries.— The velocity of the stream ot blood a 
greater in the art«riG8 than in any other part of the circulatory system, 
and in them it Is greatest in the neighborhood of the heart, and during 
the ventricuhir systole; the rate o( movement diminishing daring tho diM- 
tole of the ventrioloB, utiiI in tho parts of the arterial arritem most diiitatii 
from tho heart. Chauvean has estimated the rapidity of the hlood- 
stream in lliu earoti*! of tlm horse at over 20 inelies per second during the 
heart's systole, aud nearly a iiiclics during tho diastole (520 — 150 mm.). 

Estimaiion of the Vehcity. — Various instramenU have been doviscii 
for measuring the velocity of the blood-stream in the arteries. Ludwig's 
**Stromuhr" (Fig. 14!ii) consists of a TT-shaped glass tube 
dllat-cd at a and n'. and whose extremities, h and i, nfe 
of known eulibre. The bulbs can be tilled by a common 
ojmning at k. The instrument is so contrived thai «l A 
and b' tho glass part is firmly fixed into metal cylindeni. 
which are fijted into a circular horizontal table, e c', capa- 
ble ot horixontal movement on a similar table d tf abool 
the vertical aiia marked in figure by a doited line. The 
opcaing in c c', when tho instrument is in position, as in 
Fig' corresponds exactly with those in rf d'; but if r/:' 
bo tnrncd at right angles to its present position, thew 
is no communication between & aud a, and i and s'. 
but h conimunioates directly with ('; and if turned 
through two right angles c' commuuicatca with rf, and 
c with d', and tliere is no direct connection between 4 
and t. The experiment is performed in the following 
way: — The artery to be exjwrimented upon is divided 
and connected with two cannulae and tubes which fit it 
accurately with h and i — k the central end, and i the 
peripheral; the bulh a is filled with olive oil up to a ]>oiiit 
rather lower than k, and a' and tho remainder of n is filled with dcfibri- 
nated blouil; the tube on k is then carefully clamped; tho tubes dtnd 
d' are also filled with defibrinated blood. When everything is'ready, tjio 
blood is allowed to flow into a through k, and it pushes before it the oil. 
and that Die defibrinated blood into the arterj- through f, and replac** 
it in «'; when the blood reaches the former level of the oil in a, the disc 
c c' is turned rapidly through two right angles, and the blood flowing 
through (/ into a' ivgain displaces the oil wiiich is driven into a. This 
is repeated several times, and the duration of the experiment noted- 
Tho capacity of a and ci' is known; the diameter of the artery is aim 
known by its corrtsiionding with th« cannula' yf known diameter, and is 
the number of times u has been filled in a given time is known, the 
velocitv of the current can be rahmlated. 
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CliaQT««n's instrnmeiit (Fig. 143) consists of a thin bnus ttibc, n, in 
one side of which is a amall perforation closed by thin vuleanin-d india- 
rubber. PoMmg thmugti the rubber is u fine lever, one end oF which, 
■lightly flatt^ned, extends into the lumen of the tube, while the other 
mores over the face uf a dial. The tube is inserted intu the interior of 
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an artory, »nd ligntnres applied to tii it, so that the movement of the 
blood may, in fliiwing thruu^h tho tube, be indi(»tc<l by the tnovoment of 
the outer extremity of the lever on the face of tho dial. 

Thf iltmnaiochometer of Viorordt. and the instrument of Lortet, 
nacmblc- in ]>riiiuiplo timt of Cliaurc-an. 

Velocity in the Capillaries,— The observations of Hales, E. H. 
Weber, and Valeiitiu agree very closely as to the rat* of the blood-carrent 
in tlif capillaries of the frog; and the mejin of their estimates gives the 
velocity of tho *y*temic capillary circulation at aboVit one inch (25 mm.) 
per minotc. The velocity in tho capillaries of warm-blwHlcd animals Is 
greater. Iti the dog V» ^ -dhr 'i''^> ( '■'' i*^ "'^ mm.) a socond. This may 
■ecm inconsistent with the facts which show that the whole circulation is 
aooompUshed in about Imlf a minute. Hut tbe whole length of mpillary 
rwsels, through which any given {Ktrtiou of blood has to pass, probably 
doM not exceed from ^th to y^tb of an inch {•t> mm.); and therefore 
the time required for each quantity of blood to ti-averso its own appointed 
portion of ihe general capillary system will scarcely amount to a second. 

Velocity in the Veins.— The velanfy of the blood is greater in the 
veins than in tho capilliuies, but less than in tho arteries: this fact 
depending upon the relative capacities of the arterial and venous syBtems. 
If an aocnrate estimate of tbe proportionate areas of arteries and the veins 
oonwponding to them could i)v made, vre might, from the velocity of the 
arterial current, calculate that of the venous. A usual estimate is. thtt 
tbe cajMcity of the veins in almut twit^ or three timet as great as that of 
the arteriM, and that the velocity of tho blood's motion is, therefore. 
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about twice or three times as great in the arteriea as in tbe reitu, B iuclits 
(about nfUO mm.) a Becond. The rate at vtiich the IiIikmI mores in the 
reins gradually increafiet> the nearer it approaches the heart, for the aec- 
tionul uTca of the venous trunks, compared with that of the bninchei 
Opening into them, becomes gradnany less as the truake advance toward 
the hciirt. 

Velocity of the Circulation as a whole.— It vould appear that a 
portion of blnod can travei-se the entire course of the circulation, in the 
horse, in half a minute. Of courao it would require longer to trareise 
the reafwls of the most diiataut part of the extremities than to go throagb 
tlinso of the nock; but taking an average length of resselfi to be traversal, 
aud assumiag, aa we may, that tbe movement of blood in the huniaa 
subject is not slower than in the horse, it may be ooucluded that lialf a 
minute ropre^nts the average rate. 

Sutiafactory data for tlttsc estimates are afforded by the results ol 
experiments to aaccrtain the rapidity with ■which poiaons introduced into 
the blood are Iransmltted from one part of the vascular aystem to 
another. The time required for the passage nf a solution of potas^am 
ferrocyanide, mixed with tlie blood, from one jugular vein (through tbe 
right tfide of the heart, the pulmonary vc^sele, the left cavities of Ifac 
heart, and the general circulation) to the jugular vein of the opposite 
side, varies from twenty to thirty seconds. The same fliibstanca w« 
transmitted from the jugular vein to the great eaphena in twenty seconds; 
from the jugular vein to the masseterio artery, in between fifteen and 
thirty sccnnda; to the facial artery, in one experiment, in bi-tweeu len 
and fifteen seooiide; in another experiment in between twenty and twenty- 
fire seconds^ in its transit from the jugular vein to the metatarsal artery, 
it occupied between twenty and thirty i^econds, and in one instance more 
than forty seconds. The result was uearly the same whatever was tbt 
rate of the heart's action. 

In all theae experiments, it is assumed that the substance injecteil 
moTeji with the blood, and at the same rate, and does not move fmm mv 
part of the organs of circulation to another by diffusing itaelf through the 
blood or tisBiies more quickly than the blood moves. The assumptiou is 
sufficiently probable, to be considered nearly certain, that the timce abov« 
mentioned, as occupied in the paesage of tiie injected sulistances, are 
those in which the portion of blood, into which each was injected, wm 
cairied from one part to another of the vascular system. 

Another mode of estimating the general velocity of the circulating 
blood, is by calculating it from the (Quantity of blood supposed to bo con- 
tained in the body, and from the quantity which can pass through the 
heart in each of its actions. But the conclusions arrived at by this 
metliod arc lees satisfactory. For the CRtimatea iKith of the total quantity 
of blood, and of the capacity of the cavities of the heart, have 
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approximated to the truth. Still tbo most careful of the estimates thus 
mutio accord xery nearly with thotw already meutioned; aud it may be 
■BBuinud that the blwd may all pass through the heart iu from twenty- 
five to fifty »«cond8. 
K Peculiarities of the Circulation in Different Parts.— The most 

' nmarkuble pin: uliari ties ntt^ending the circiihitbu Of blood through differ- 
ent orpins are obetrvtii in the c-aiseH of the brain, the crtr-iiU ortjana, the 

B iuHgK, the Uxfer, aitJ tho kidney. 

' 1. /» ih« Brain. — For the due perfonnancc of its functioiw, tho brain 
requiroa ii large Kupjily of blood. This object is efTectet) through the 
nambcT and eizu of its art«ricg, the t-n'o iu/ernal carotitls, and the two 
vrrtebralt. It is further necessary that the force i|[jtb which this blood is 
sent to the bruin should be letw. or at least should he subject to less vari- 
ation from external clrcumstArtces than it ia in other parts, and so the 
»Urgo art«ne8 arc vcr}' tortuous and aiuistomosc freely in the circle of 
Willia, which thus insures that the supply of blooil to tho braia is nni- 
fi>rm, though it may by an accident Iw diminisheil, or in some way 
changed, through one or more of tlie principiii artenefi, Tho transit of 
the lantc arteries through bone, esjKcially the carotid canal of tho tem- 
poral bone, may prevent any undue distension; and uniformity of supply 
is furtlier insured by the arrangement of t)ie refweU in the pia mater, iu 
which, previous to their distrlbntlon to the gtibgtanco of the brain, the 
large arteries break up and divide into innnmerable minute bntnches 
ending In ciipilhtriea, winch, after frequent communicationH with one 
another, enter the brain, and carry into nearly every part of it uniform 
and equable streams of blood. The arteries are also envdopcd in a B|wcial 
lymphatic sheath. The arrangement of the veim within the cranium is 
■Iki peciUiar. The large venous trunks or sintuseswro formed so as tu he 
KMuruely c»|)able of change of size; and comi>oBed, as they ore. of the 
toogh tieme of the dura mater, and, in sonrj instances, bounded on one 
side by iho !«ny cranium, they are not compresjiihlo by any force which 
the fulness of thu arteries might exercige through the substance of the 
brain; nor do they admit of distension wlien tho Qow uf venous blood 
from the hmin is obstructed. 

The general uniformity in the supply of blood to the bmin, which is 
thus secured, is well adapted, not only to its functions, but also to its con- 
dition as a moss of nearly incompressible substance placed in a cavity 
with unyielding walls. These conditions of the brain and skull have 
appeared, indeed, to some, enough to jnstifv the opinion timt the quan- 
tity of blood in the bruin must be at all timcfi the same. It was found 
that in animals bled to death, without any aperture being made in the 
crajiium, the brain liecame pale aii<l anatmic like other [lart^. And in 
death from strangling or drowning, congestion of tho cerebnd vessels; 
while in death by prussic acid, the quantity of blood in the cavity of the 
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craniam wiu determined bj the position in which the antnuil was pUeed 

after tieath, the cerebral vessels being congested when the aiiimfti was eus- 
imndeii with ita hejul downward, imd comparatively empty when tlie 
aiiinitti was kept eug^jendcd l)y the cars. That, it was concluded, althongb 
the total vulumc of the contents vf llie cninium is probobly nearly nlwayi 
the suiiie, yet tliu (|uuutity of bluod iii it is liable to %'ariatiou, it« incmw 
or diminution Wn\g accompanied by a simnkaneoiia diminution or in> 
creikfio in the quantity of the ocrebro-spinal fluid, which, by readilj 
admitting of being reimoved from one part of the brain and spinal cord to 
another, and of being rapidly absorbed, and as readily effused, would 
eerve as n kind of Bupploraental fluid to the other contents of the craniam, 
to keep it uniformly illed in case of variiitiona in their quantity (Bur- 
rows). And there ciui bo no iIouLt that, ultliough the armngenienta of 
thf! blood-vceecis, to which reference has been mode, ensure to the brain 
an amount of blood which is tokrably uniform, yet, inasmuch as with 
every beat ul the heart and evun' act of 'respication, and under many 
other eiivumstances, the quantity of blood in the cavity of the cniniura 
is cOHHtantly varying, it is plain that, were there not provision made for 
the possible displacement of some of the contents of the unyielding bony 
case in which the hniin is contained, there wonlO bo often altenmtions td 
cxceeaivc pressure with insufficient supply of blood. Uenco wo may oon- 
aider that the corehrcj-efiinitl llui<i in the interior of the skull not only 
aubserveti lliu niecliuuieid functions of fat in other parts ha a. packing 
material, but by the readiness with which it can be displaced into the 
spinal cuiiid. pruvides the means wheittbj undue pressure and iosufficieDt 
supply of blood are equally prevented. 

Chmiiral CMnpasitioH of Cerehro- spinal Fluid.- — The cerebro-«pinfll 
fluid is tnuit^imrent, colorless, not viscid, with a saline taste and alkaline 
reaction, and \% not affected by heat or acids. It conta.iiu! il81-lt84 t>art« 
water, sodium chloride, traces of potassium chloride, of sulphates, car- 
boniites, alkaline and earthy phosphates, minute trace* of urea, sugar, 
sodium lactate, fatty matter, cholcstcriu, and albumen (Flint). 

2. In Erectile Structures, — The instances of greatest variation in the 

quantity of blood contained, at different times, in the some organs, aw 
found in certain Btriittnres which, nmlcr ordinary' circumstances, are soft 
and flaccid, but, at certain times, receive an unusually large qnantity of 
Idood, become distended and swollen by it, and pass into the state which 
has been termed rreciion. Such etrnctnres are the rnrpora cavernosa and 
corpus spongiosum fii the penis in thp male, and the ciitoris in the female; 
■nd, to a leas degree, the nipple of the mammary gland in both sexes. 
The corpus covcmosum penis, whiirh is the best example of an er(K*tile 
structure, has on eiiternal fibrous momhranc or (sheath; and from the 
inner surface of the latter are prolonged numerous fino lamells which 
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divide its cavity iuto small compart moiits looking like l'cIIji when Ih^y 
are inflated. Within thftse is ijitimti»d the plexus of veins upon which 
the peculiar erectile property of the organ mainly depends. It conninU 
of abort veins which very rloHely interlace and aiifistomose with coch other 
in all directions, uiid ndmit of great viiriation of size, e()llii]K!in); in the 
paasivo state of the orgun, but, for erection, capable of an luiiount of ilila- 
tation which uxueeds beyond eonipariiiun that uf the arteriet; anil veins 
which convey the blood to and from them. The strong fihrou« tissue 
lying in the intervaU of the venous plexuses, and the eitemal fibrong 
membrane or sheath with which it is connected, limit the dirtonsion of 
the vessels, and, dnriiig the state of erection, give to the penis its con- 
dition uf tension and Urmness. The ciame general condition of veBScls 
exists in the corpus spongioBum uruthne, but around the nrethra the 
Gbrouij tissue is much weaker than uruund the body of the penis, and 
around the glans there is none. The venous blood is n?turued from the 
plexnoes by comparatively small veins; tliose from the glan» and 
tlie fore part of the urethra empty themselves into tlie dor&al veins of the 
penia; ihosefrom the cavornosum pjuw into def}wr vciiiH which issue from 
the corjiora cavernosa at the crura jionia; and those from tlio ri'nt of the 
urethra and bulb puss more directly into the ])lexus of the veins nbout tlic 
prostate. Fur all these veins one condition ia the sunic; namely, tliut 
they we liable to the pressure of muscles when they leave the penis. The 
mneclea chiefly concerned in this action are the erector peni.s and acceler- 
ator nrinff!. Erection reanlta from the distension of the venous ])loxniies 
with blood. The principal exciting eauE<e in the erection nf the penis is 
nervona irritation, originating in tho piu't itself, or derived frnni the biuin 
ami spinal eord. The nervous influence Is communicated to the penia by 
the ptidic nerves, which ramify In its va^-ulur tissue: and after their 
division in the horse, the penis is no longer capable of erection. 

This infliiJt of the blood is the first condition nece:'.^iry for erection, 
and throngh it alone mnch enhtrgomcnt and turgescencc of the penia 
may ensue. Hut the erection ia jirobably not complete, nor maintained 
for any time e.tr.ept when, together with this influx, the muschts already 
mentioned contract, and by compressing the veins, stop the efflux of 
blood, or prevent it from being tui great as the inlUix. 

It appears to be only the most perfect kind of erection that needs the 
help of muscles to comprew the vein.s; and none such can materially )is- 
•Ift the erection of the nipples, or tliat amount of turgescencc, just fulling 
short of erection, of which the spleen and many other parts are oapalile. 
For snch turgescenee nothing more seeniK neoessary than a large plexifftrm 
arrangement of the voina, and such arteries as may admit, upon occasion, 
augmented rjuan titles of blood. 

(3. 4. ij.) T/if drculaiitm in the Lvnffs, Liver, find Kidneys will be 
dwcribed under those heads. 
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Agents concerned in the circulation.— Before quitting this sub- 
(•^t it wilt bo u£ well to bring together iu a, tabular form the Tanons 
i^encics cuncerneil iu muiiitiiining the circulation. 

1. The iitfstvle and Diastole of Ihe IJearl, tho former piiinpiiig into 
the aort» and eo into the arterial system a certain amount of hlocHl, and 
the latter ti> some extent snclcing in tho bloml from the Teina. 

2. Tlie elmtic and musmhr coatu of the arteries, which, serre to kc*p 
up an eciuable and continiioue stream. 

3. The fio-Oidlcd vUnl capiUary force. 

4. Tho preaanro of tho mvscles on veins wiih valvea, lutd tho elight 
rhythmic contraction of the veins. 

5. Aspiration of ihe Tfmrax diiriug inspiration, by means of whicl 
the blood is drawn from the large reina into the thorax (to b« treatad 
in next Chapter). 
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Up to nearly the close of the Bixtpenth century it was generally be- 
lioTed that the blood pasned from one ventricle to the otlior tlirongh fof»- 
mina in the "septum ventrieulorum." These foramina are of roui^c 
purely imajfinarj', but no one ventured to dispute thoir existence till Ser- 
Tetiui boldly stated tliat he could not succeed in finding them. He fnr- 
thor asserted that the blood passed from the Ilight to the Left side of the 
heart by way of the Inngs, and also advanced the hypothesis that it is thu« 
"revivilied." remarking that the Pulmonary Artery is too lar^e to serv* 
merely for tho nutrition of the lungs (a theoiy then generally accepted). 

KealduB, Cohimbo. and CseiMilpinus added several important obMrrft* 
tious. Tho latter showed that the bloud is slightly cooled by jMuang 
through the luugs, also that tho veins swell up on the distal side of a liga- 
ture. Tho exiateuiie of valves in the veins had previously been discovered 
by FahriciuB of Acjuajwudtiute, tho teacher of llarvey. 

The honor of iirst demonstrating tho gouenil course of the circulation 
belongs by riglit to iliirvey, who made Iiis grand discovery about IGjLS, 
lie was the fifbt to eatahlish the niuBcuUr structure of the heart, which 
had been denlLnl by many of his predecessors; and by twvful study of JU 
action both in the body and when excised, ascertained the order of eon- 
traction of its cavities, lie did not content lilmself with inferences from 
the anatomy of the parts, but employed the experimental method t>( m 
injection, and made an extensive and accurnte Hcnes of observations on f 
the circulation in cold-blooded animals. He forcetl water thraugh the 
Pulmonary Artery till it trieklc-d out through the I-eft Ventricle, the tip 
of which na<l boon cut nlT. Another of hia experiments was to fill the 
Kight aide of tlm heart with water, tie the Puimonarj' Artery and the 
Vena? tiava', and then sqni'^Ke the Right ventricle: not a drop could be 
for(*d thrcnigli into the Tioft ventricle, and thus he conclusively diaproTed^ 
the exiBten<^e nf runimiiia in thu septum ventrieulorum. *'l have 
cienily proveri," savH he. ''that by tho Iieating of the heart the V 

fim^H from the veinK into the arteries through the ventricles, kd^ 
ributed over the whole bmly." 

"In tho warmer animaluj such aa man, tho blood passes fnnr 
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Ventricle of the Heart through the Pulmonary Artory into the Liinga, 
and thenoe through the Pultnoiiary Veins into the Lett Anriclc, thence 
into the Left Ventricle." 

Proofs of the Circulation of the Blood.— The following ore the 
nuiin argumcnte bj whicit Uarvoy cgtabUshcd the fact of the circulation: — 

1. The heart in half un hour propelu utun: blood than the whole mues 
of blood ill the body. 

?. The great force and jetting manner with which the blood apurt« 
from an openod artery, siicli a& the cjirotid, with every beat of the heart. 

3. If true, the nomiul course of the circulation explains why after 
death the arteries are commonly found empty and the veins full. 

4. If the large veinn near the heart were tied in a fish or snake, the 
heurt became pale, flaccid, and blootltess; on removing the ligature, the 
blood again flowed into the heart. If the ariery were tied, the heart be- 
came distended; the distengion lasting until the ligature was removed. 

0. The evidence to be derived from a ligature round a limb. If it be 
drawn ver)' tight, no blood can enter the limb, and it becomes pale and 
cold. If the ligature be oomewhat relaxed, blood can enter but cannot 
leave the limb; hence it becomcB swollen and congested. If the ligature 
be removed, the limb soon regains it« natural upjiearauce. 

6. The exi8t«ni:o of valves in the veins which only permit the blood 
to flow toward the heart. 

7. The general constitutional disturbance resulting from the introduc- 
^-tion of a poi&ou at a single point, f. g., snake poison. 

^k To these may now be ad<le<l many further proofs which have accumu- 
lated since the time of Har\'ey, e. g. : — 

^. Wounds of arteries and veine. In the'former caae htcmorrhage may 
be almost stopped by pressure between the heart and the wound, in the 
hitter by pressure beyond the seat of injury. 

9. The direct olwervation of the passage of blood corijuacles from 
small arteries through capillariea into veins in all trail Rjuireiit vascular 
ports, aa the mesentery, tongue or web of the frog, the tail or giUe of a 
tftdpolc. etc. 

^B 10. The results of injecting certain substances iuto the blood. 

^^ Fnrther, it is obvions that the mere fact of the existence of a hollow 
muscular organ (the heart) with valves so arranged a« to permit the bloot] 
to pass only in one direction, of itself suggests the course of the circula- 
tion. The only part of the i-ircnlation which Harvey couM not follow 
ia that through the capillaries, for tlie simple reason that he bad no lenses 
snfficiently powerful to enable him to see it. Malpiglii (KiSl) and Leeu- 
••W f 1008) demonstrated it in the tail of the tadpole and lung of the 





CHAPTER VI. 

RESPIRATION. 

Ths maintenance of animal life neroaeitatee the continual abaorptifm 
of oxvf^en iind excretion of carbonic acid; the hlooA bein;^, in all aninuli 
which poBsees a well developed hlood'TaBCiilar eystem, the medium \fl 
which these gasea are carried. Hy the blood, oxygen is absorbed f 
withont and conveyed to all parts of the organisin, and, by the bl 
carbonic acid, which comes from within, Ib carried to thoae porta bj 
which it may eactipe from the body. Tlie two procossee,— abeorptiun 
of oxygen and excretion of carbonic acid, — are complementary, tix! 
their sura is termed the procesa of Itetpiration. 

In ull Vertebnita, and in a lar^e number of Inrertebrata, certain \vuM, 
either lunt/x or iiHU. am specially oonetmcied for liriii^ing ihv bltv^tl inu 
proximity with the uiiratinE^ medium (atmoepherio air, or water contain- 
ingair in solution). In some of the lower Vertebrata (frogs and otbef 
naked Amphibia) the ekin is important as a reepimtory orgun. hihI :> 
ca]mble of eiipplcmenting. io some extent, the functions of the prvptr 
brtathing appuratus; but in all the higher animals, including man, tii« 
respiratory capacity of the skin is so Infinitesimal that it may be ]inicti- 
caliy disrcgariicd. 

Essentially, a lung or gill is constrncted of a line transparent mfin- 
brane, one »)irfa(% of whicli is exposed to the air or water, as the case mar 
Iw, wliile, on the other, is a network of bloocl-vpssek. — the only separatifiB 
between the blood and aerating medium being the thin wall of the lilood- 
vessels, and the Que tncmbrane on one side of which veescU are distribntetl. 
The difference between the simplest and the most complicated respimtery 
membrane is one of degree only. 

The Tarions complexity of the respiratory membrane, and the kind of 
afraling medium, are not, however, the only conditions which cauw s 
difference in the respiratorj- capacity of diiferent anim^ The nnml^ 
and size of the ret! blood -corpuBclcB, the meclianifiin of the brcAthing ap- 
paratus, the presence or absence of a pntmonary heart, physiolt^cally 
distinct from the syflemic, are, all of them, conditions saucoly aeoood 
in importjiuce. 

In the heart of man and a!) other Mammalia, the rit/fti side from w 
the blood is propelled into and through the hii>g8 may be termifd 
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_'*pulmonary" heart; while tho left sido is "systemic" in function. In 
'miiny of the lower animals, however, no such diatinHion can bo ilrawit, 

Tlniti, in Fiah the heart nropele tho blood to the reBniratory organ (c^llK^; 

liiit tiiure is 110 oontmctile sac corresponding to the loft siao of the heart, 

to projjel t}ie bhioil ilin-trtly into tho systcmiu vessels. 

It may be woll to 8tat» here that the lungs are only the medium for 
the exelmntfe. on the part of the blood, of carbonic acid for oxygen. They 
wo not the Si'at. in any spocial manner, of those combnBtion-proceBses 
of which the production of curhouic acid is the (Inul result. These o<:cur 
in ull parts of thu body — more in one part, less in another: chiefly in the 
Bol)«tance of the tissues, but in part in tlie capillary blood-ressets contained 
in ihem. 

The Respcbatory Passaobb and Tissues. 

The object of respiration is the interchange of gases in the lungs; for 
thia purpoee it is necessary that the atmospheric air shall puss into them 
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wad be expelled from them. The lungs are contained in the chut or 
thorax, which id a closeit favity having no communication with the out- 
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side, except by means of the respirator}' pamagea. Th« air «nten tbcae 
pAsaagee tfarongb the nostrilfl or through the mouth, thence it ptsM 
through the larynx into the trachea or niDd]>ipe, which about the middle 
of the cheat divides into two tubes, broncit, oue to each (right and kft) 
lung. 

The Larynx is tho upper part of the paesagc whicii leaaaexclusirch 
to the lung: it is formed by the thyroid, cricoid, and arytenoid cartilaga 
(Fig. 145), and contains the viinil vurde, by the vibnttiun of which xtn 
Toieo is chiclly produced. These Toeal cord« are ligamentous bauds >i- 
tuched to certain cartilages capable of movement by muscleit. By the!: 
approxiumtion the cords can entirely close the entrance into the laryiu: 
but under the ordinary conditions, the entrance of the larynx is fonii'^i 
by a more or Igks trianguhir chink l)ctwcen them, caJIod the rimn giti- 
/idis. Projecting »t an acute angle between the base of the tongue and 
the larynx to which it id attached, is a leaf-shaped cartilage, with iu 
larger extremity free, called the epiiflotth (Fig. l-lii, e). The whole of tha 
krynx is lined by mucous nienihrune. which, however, ia estromely thin 
over the cords. At it* lower extremity the larynx joins the traclwt.' 
AVith the exception of the epiglottis and the so-called comicula laryngi*, 
the cartilages of the larynx arc of the hyaline variety. 

Structure of Epiglottis. — The supporting cartilage is composed d 
yellow elastic cartilage, encloscil iu a fibrous sheath (periehondrinni, 
and eoveri'd on lioth sides with mucous membrane. The anterior giiiti**. 
which looks toward the base of the tongue, is covered with mucous meiu- 
bniiie. tliL- biujis of which is tibrout; tissue, elevated toward both sarfaoei is 
the form of rudimeutary papilhe, and covered with several layers d 
squamous epithelium. In it ramify capillary blood-vessels, and in itt 
meshes are a large nnmber of lymphatic channels. Vnder the mueoitf 
membrane, in the less dense 6brous tissue of which it is composed, aroa 
numher of tubular glands. The posterior or laryngeal surface of \ht 
epiglottis is covered by a mucous membrane, similar in stractore to tint 
on the other surriieo, but tliiit the epithelial coat is thinner, the nnmber 
of stmta of ei'Ils being less, and the |)apilla; few and less distinct. Tli# 
fibrous tissue which constitutes the muoous membrane is in great part ot 
the adenoid variety, and this is here and there collected into distinct in 
or follicles. The glands of the posterior surface are Kmallor but more 
numerous than those on the other surface. In many places the glands 
which are situated noarest to the perichondrium are directly continnou 
through apertures in the cjirtilagc with those on the other side, and ofl*a J 
the ducta of the glands from one side of the cartilage piuw through a&d* 
open on the mucous surfuc^of the other side. Taste goblets have bcoD 



■ A detailed acffonot of the structtire and fauclion of lUo Larj-nx win be fouadilj 
Clinpler XVI. 




Tm. HIl— OalUnc •howlnc Uw geaenJ fonn nt xbe U171U. t»cli(*. at*! brenclil, m wm han 
■■Jam A.itwitT«Uecinui<ifflR-lijul[l U>iw:r.<5pu;MtM: (, mprrk^r. bdiI t*. Inrwkv ooran of Ui* 
flimill ^>rUlAC*i e. mkUUr nf thf crler>i>l ««rUl««n-: 'r. ihp tm-liM, •tMalnc ilxwcii cMrtflofflnow 
(tin; K lite rt||m.M«l fr', die ten tir<>iH.-tiiw. |AUmiT1iunmou.> < h. 

iTm. IM— OotlliM tbawtnt iti>- (r^orral rorm at Uwr larynx. tnu-lKW. mwI hmnchl, u vm fran te- 
htod. A.Kr<Mtteaniu<i(Ui«hr<^ ■""t^; ^ uip«rti«. ftnd r,llwluri^<ir(.«>ruu(rftliFitajruld(«muw; 
«. (hr twoowlo; n, pnJnu to the tatJt oT botti Um ttytpttoiA eMrUttert wbieh anwiRDounlcd bf uc 
eoraieufe; r, ite mldillr riiiif on th» baA oC ibe ert«ciM carUkn: tr. Uw piMHrtor ntMnhnaooi pan 
oTlfevmcbf*: b, fr*. rlRMMulMtbrooclit. <AJIniThARiMa.l )4 

oal TertebrA, to & point opposite the third dorsal Tertebrn, trherc it divirlee 
into the two bronchi, one for each lung (Fig. 1-W3). It meaaurc*. on an 
aTermj^e, fonror four-and-n-half inches in length, and from three-riiiarters 
of an inch to on inch in diameter. 
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iUruclure. — The traclica is essentially a tube of fibro-elostic membnBe, 
within the layers of which are encloaed a series of cartUaginotu ringSf fnim 
aixteeu to twenty in number. These rings extend only Broand the ftwii 
and uidea of the trachea (about twi>-thirdB of its circ!n inference), and an 
dufieiont Ueliiml; the interval between their posterior extrenuties beinj: 
bridged over by a coutinuutiou of the dbrous membrane in which tbei 
are enclosed (I^ig. 145). The curtilages of the trachea and broocbuJ 
tubes un^ of the hyaline variety. 



:-/^^: 
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Fta. l47.~4eotfcin of UrodwA. a, MlumiiAr cliintMl (>pltb<>IR]ni ; b and c, proper Mmrtuiv (^^ 
muooiuiRMintwwM, aoiiteln<nKpIjwi.irfl1ir(!!9 cut lun-nm InuiKVvnvlj; d. milituuriLiiM llanuc vodalnW 
aiKanacIuda.fc«pKr«l«<lfnmi ih^ hvAlHie c&rtnace, 0, tq-a nnu atmnu Uhkuf. /: A. eUcnwli*- 
natnuUflf Sua Obratn tteup (8. K. Ali-iicli.) 

Immediiitely within this tube, at the Wk, is a layer of im«triped 
mnscular fibres* which extanda, {rfmsverseh/, between the ends of the oar- 
titagiiioiis rings to which they are attHched, and opposite the interrnta 
between them, also: their endont fnnction being to diminish, when rc- 
qnired, the ealibrc of tlio trachf^a by approximatinfi the ends of the eai' 
tiUij^ea. Onteide tln?8e are ii few longifitdinal bundles of muscular titButt 
which, like the preceding, are attached hnlb to the flbrons and cartilagi 
nous framework. 



I 

\ 



RESPI RATION. 



17T 



The mncons mombratie conaifits of adenoid tissuo, Bepuriitcd from the 
tmlifleil columnar opithelium which lines it by a homogcneoiiB bfteement 
icmbnuic. This \a pDnetrat«ti here anil there by chaimela whieh ronnect 
le adenoid tissue of ihe imiamt with the intcrcelluloj' mibsUince of the 
lithetium. The gtrntifled c^iluninur epithelium is formed of eeT«ral 
kyen of cells (Fig. 147). of whiuh tlie moitt BupurliuiuJ luyer ie c)Uat«d, 
id is oft*u branuhi^ downward to join counective-tiMne corpuscle*; 
rhile l»etwevn the*e braiiclieti celU are smaller elongated cells prolonged 
op towanl the surface and down to the basement membrane. Ileneath 
these are one or more hyerB of more irregularly shaped cells. In the 
dw'ixT jwirt nf the mncoaa are many elastic fibres between which He con- 
nective-tissue corpuscles and capillary htood-veiuela. 
^B Nnmcrona mncons glands <aro sitnate on the exterior and in the 
^Bnbstanc-e uf the Rlirous framen-ork of the trachea; their dnet« perfora- 
^ntng the various etnicturee which form the wall of the trachea, and 
opening through the mucous membrane Into the interior. 

The two bronchi into which the tnichua divide«, of which the right ig 
ihorter, broader, aud more lioriEontal than the left (Fijj. IW), resemble 
the tnchm exactly in Atnicture, and in the arratigcmcnt of their carii* 
bginoua rings. On entering the snbstancc of the hinge, however, the 
rings, although they still form only larger or emaller segmeuta of a cirele, 
are DO longer confined to t)ie front and sides of the tubes, but are die- 

ttribntcd impartially to all parts of their circumference. 
The bronchi divide and subdivide, in the euhetant* of the lungs, into 
a number of smaller and Euiallcr braiiclies. which penetrate into every 
part of the organ, until at length they end in the. smaller subdiviiiions 
of the longs, called lofmifs. 

AH tlir larger brancboa still have walls formed of tongh niembraoe, 

containing portions of cartilaginous rings, by a'hich they are held u[K'n, 

anil unatri|)ed muscular tibree. as well as longitudinal bnndlcA of elastic 

tissue. They are lined by muooHK membrane, the surface of which. like 

^^thatof the larynx and tnicjiea, is covered with ciliated epithelium (Fig. 

^■48). The macous uiembmuo la abuudantlv provided with mucous 

glands. 

As the bronchi become smaller and smaller, and their walls thinner. 
the cartilaginons rings become 8c.arc«r and more irr^fnlar, until, in the 
smaller bronchial tubes, they are represented only by minute and «.-attered 
cartilaginooa Qakes. And when the bronchi, by sneceaaire branches, are 
reduced to aoout ^ of an inch in diameter, Lhey lose tlieir cartilaginous 
element altogether, and tlieir walls are formed only of a tough fibrous 
dMtic membrane, with circular muscnlai- fibres: they are still lined, hn^t'. 
irer, by a thin mucouti membmne, with ciliated epithelium, the length nf 
cells hearing the cilia haviug become so far dimininhed, that the cells 
now almost cnbical. In the smaller bronchi the circular muscular 
Vofc. L-lft 
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fibres are more abunitant tban iu the trachea and birger bronchi, and fonc 
a dietiuct circular coat. 

The Lungs and Pleura. — The Lungs occnp; the greator imriioii nl 
the thoiux. Tliey uru uf a sjiou^'y vhtstiu texture, and on section apptar 
to the naked eye as if they were in great jiart solid organs, except here 
and there, at certain points, where branches of the bronchi or air-tDbti 
may have been cut iioroas, and shovr, on the surface of the aectiOD, their 



^an- 



Fni. 14A,— Trunsrerw •rctlon of • bnuiubiis, aboui oui- f [•urtli uf ak Inch lo diftme^, e, Epiltt- 
llitiTi (clllAbMll; lainiMlinU'lj' beoMklli II b ttip niueoun iMi-iiif>i^rii> or liitrrnnJItliCTiiw Uyrr, Of WiUV 
tlikKiiL-w ; ni.miuKulwlarur: ». n. nibiinifloua Uwut?: /. UbrvuttlMUi^i c, nrtOa^ alClaMd ««w 
the loicra of Bbrou* UMUti; u. cnucoua glAnd. (F. E. ticliutir.) 

tubular structure. In fact, however, the lungs are hoRow organs, eadi 
of which communicates by a separate orifice with a rominon air-tnhe, the 
trachea. 

The Pleura. — Each lung is euTelnpod by a flerous memhrnne— th* 
pleura, one layer of which adheres closely to the surface of the lung, 



/■ ..Ml-nv 



Fui l-tll.— TrmiunarxB aMttltraL of Uie cheat (after Uraf). 

and provides it with its Bniooth and sHppcry covering, while the other 
adheres to the inner surface of the chest-wall. The coutinnity of tlie 
two layers, which form a closed sac, as in the case of other serous meio- 
braues, will be he«t understood by reference to Fig. 149. The appearand 
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of ft itpace. howerer, between the plenra whic}) covorB the long {vi'itctral 
UyerJ.and that which lines the inner Burfareof thechoBt {parietal hkycr), 
M inserted in the drawing only for the sake of diKtinctnoBB. Those layora 
are. in health., everywhere in contact, one with the other; and tietween 
them is only juat so mucti fluid us will oiuiure the Innge gliding easily, in 
their expansion and contraction, on the inner surfiooe of the parietal 
layer, which lines the chvvt-wull. While considering the subject of 
norma) respiration, we may discard altogether the notion of the existence 
of any space or cavity between the Innga and the wall of the chest. 

If, howerer, an opening be mode so as to permit air or fluid to enter 
the pleural sac. the lung, in x'irtue of its elasticity, recoiK :ind a consid- 
erable ppore is left between the lung and thechcst-walt. In other words, 
the natural elasticity of the lungs would cause them at all times to con* 
tract away from the ribs, were it not that the contraction is resisted by 
atmospheric prccsuro which bears only on the inner surface of the air- 
tubes and air-cells. On the admission of air into the pleural sac, atmos* 
pheric pressure bears alike on the inner and outer surfaces of the luugt 
and their elastic recoil is thus no longer prevented. 

Sfntcture of the Pleura and Lung, — The pulmonary pleura consists 

of an enter or denser layer and an inner looser tissue. The former or 

plrura proper consists of dense fibroua tissue with clastic fibres, coverpd 

by endothelium, the cells of which ore largo, flat, hyaline, and tntnspar- 

«nt when the lung is expanded, but become smaller, thicker, and gran- 

olar when the lung collapses. In the pleura is a lyrapb-canalicnlar 

' system; and connective tissue corpuscles are found in the fibres and tissue 

^feirhich forms its groundworr. The inner, looser, or subpleural tissue 

^MaatainB lamelle of 6brDUS connective tissue and connective tisttue cor- 

^^MKles between them. Nnmerous lymphatics are to be met with, which 

fonn a dense plexus of Teasels, many of which contain valves. They are 

•imple endothelial tubes and take origin in the lymph-canallcalar system 

of the pleura proper. Scattered bundles of nnfitriped muscular fibre 

occur in the pnlmonary pleura. They aru especially strongly developed 

on those ports (anterior and internal surfaces of lungs) which move most 

freely in respiration: their function is doubtless to aid in expiration. The 

structure of the parietal portion of the plenra is very similar to that of 

^ the visceral layer. 

B Each lung is partially subdivided into separate portions called hbet; 
~ the right Inng into three lobes, and the left into two. Eiu-h of these 
lobes, again, is composed of a large number of minute parts, called lobule*. 
Each pulmonary lohnle may be considcrtxl a long in miniature, consist- 
ing as it does, of a branch of the bruncliial tube, of air-cells, blood 
Tsanls, oarrss, and lymphatics, with a sparing amount of areolar 
tiame. 
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hui been just tlescritteil {a, Kig. laO), divides and eubdividos; ita viklU 
at the &ame ttnie bcooiniug thiiinoi* and thinner, until at length they an 
foniibd only uf n thin menibrune of ureulur und elastic tiasue, lined fay a 
layer of squamovs i<iiithu!iuni, uot provided with cilia. At the eama 
time, they are altert^d in «bape; each of the minute terminal brancfaM 



Fjn, ]M).— Cl^l'uT'rllliol'ijiiii.'f Uii> huniiiji tnuthen. ri, lAj-er (if longkudlnally uTUipit 
fibr»: b. b«aenir>ntin«!nibnu)r; j-. drepnit celLi. drcitLbr infoRii; djbiUnBniUsU! elonfatcd ' 
outvirmoMt layi^r of cv-lU fiilly iterclpped nnd btwriag cilia, x 390. (KfllUkcr.) 

wifleninfT out funnel-wiao, and its walls being pouched oat irrogularlr 
into 5miill saccular dilatations, called uir-cslh (Fig. ISl, h). Sach • 
fuiinel-abaped terminal branch of the bronchial tnbo, with its groitp 0/ 
pouches or air-cella, has been called an infundibuium <Ftg8. 151,153), 
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Fta. Htl.—T^nnliinl branch ot n brvDchlal lubn, Briib Im lnfiiii<lihiilA atiit kLi-^.'vIIb. frora dv niM> 
Kin of Ihe luuK of > iiiuukiry. [llJ^t^d wllti quickiJlvpr. a. ti^rmlnal brcnclital twig; h b. lofundlMK 
■nd Blr-cvllH. > Ki. tF. E. K)itrf»>.) 

fio. lU— Two aaali luruiKllliuJii ur Kn:<u[A »r an- ooUm, ii a, vrtth airottU*. J^ b. kotl Ite tillliW 
broncbiol lubua. p c, wllh wlildi lln- ulr-oclU wuuhuuIubIc. Fnjiii a n^w-hiina clilld. (KIDIker.) 

and the irregular oblong space in its centre, with which the air-cells com- 
municate, an inierceibilar passage. 

The air-cells, or air-vt^sIcEe!!, may be placed aiugly, like rec o Mta tronl' 
the intercellnlar paeeage, bnt more often they are arranged in groups or 
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in rows, like minnte sacculated tuhos; so that a sliort serieB of 
Tesiclce, All comniTiiiicating with one anoth(^r, open by a common orifice 
i&to the tnbe. The vcsicImi are of vnrious forms, according to the mntitol 
pT«fHure to which thi^y are Huhjtwit; tlicir wallg are nearly iti contact, and 
they vary from y^ to y^i of aii inch in diametor. Thoir walls are formed 
of fine membrane, similar lo that of thu Isteroellular ptutsage*, and cou- 
tinuouti with it, which mtiuibmuo is folded on itself bo as to form a sharp- 
edged border at each circular orifice of comrannication between con- 
tijnioufi air-resiclee, or between, the vesicles and the bronchial passages. 
Knuieiom fibres of elastic tissue are spread ont between contiguous uir- 




FHt. m.— n<MB ■ aMtJon of Itinir af ■ cat, aulnMl with iiltv.-' 



MTMlliilirpiMiai, B. ANMlftr wpU. y AJ-rmaU » tJr^Mt. ttohi ■:*. 

wWt aonm —milw pohrlwdral niuJraii-J ctrOm. OraulamiMQidkr fli' iii- 

Iwler of tte alrMte aiMt. sad *l one nart to bms s mmp «r ■nall i~^-. .>.<■.. ... ,-.^^:..m.,^,-^ ;,<mi 
Um ImndUML {KUn ml Noble BiulOi-) 

oelb. and majiy of these are attached to the outer surface of the fine 
membrane of which each cell is composed, im{uirliug to it additional 
strength, and the power of recoil after distension. The cells are lined by 
a layer of epithelium (Fig. 153), not provided with cilia. Outside the 
cells, a network of pulmonary capillaries is spread ont ao densely (Pig. 
154), that the interspaooB or moshos are even narrower than the veasels, 
which are, on an arcmge, ^^n °' ^'^ >"'^^' <" diameter. Between the 
atmoapheric air in the cells and the blorxl in these voaseU, nothing inter- 
venes bat the thin walls of the cells and capilhiriiw; and the exposore of 
the blood to the air is the more complete, because the folds of membrane 
between coutigaoos cells, and often the spaces between thv walls of the 
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Bame, contain only a single layer of capiUaries, both sides of which an 
tlius at oace exposed to the air. 

Thu air-vvsiclee situated nearest to the centre of the lung are smaller 
and their networks of capillaries are closer than those nearer to thu cir- 
cumference. The Tcsiclo8 of adjacent lobules do not communicate; sad 
those of the same lobule or proceeding from th^ same intercellular paange, 
do so as a general rule ouly near aiiglci) of bifurcation; so that, vhcn 
any bronchial tube is cloBed or obstructed, the sQpply of air is lost for all 
the Dclls opening into it or its hranoheB. 

2iinf/il-»ttppli/. — The lungs receire blood from two sources, (a) thepn!- 
monaiT artery, (A) the bronchial arteries. The tornier conveys ventnu 
blood to the lungs for ite artrriaiitation, and this blood takes no share is 
the nutritioa of the pulmonary tissues through which it paseee. {b) Tbe 



no. tM.— CbpUl«t7Prtworkof Uu^pii^fiwJiuirr blood-TcaMlfllnlhehuiiuuiloiif. XtOl (KBBir.1 

branches of the bronchial arteries niniify for nutrition's sake in the walls 
of the bronchi, of the hirger pulmonary vesBele, in tbe interlobuhir con- 
neotive tissue, etc.; the blood of the bronchial veasets being returned 
chiefly through the bronchial and partly through the pulmonary veins. 

Lymphatics. — Tbe lymphaticfl are arranged in three seta: — 1. Irreg- 
ular lacunce in the walls of the alveoli or air-eclla. The lymphaHc vessclB 
which tetul from these accompaay the pulmonary vessels toward the root 
of the lung. 3. Irregular nnaKtomosing spaces in the walla of the 
bronchi. 3. Lymph-spacca in the pnlmonarr pleura. The lymphatic 
vessels from all thexe irregular sinusee pass in toward the root of the luQg 
to roach the bronchial glands. 

Nervejs. — The nerves of the lung are to be traced from the anterior 
and posterior pulmonary pleruaes, which are formed by branchee of the 
vagus and symiiathetic. The nervee follow the course of the vessels and 
bronchi, and in the walla of the latter many small ganglia are situated. 
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Mechanism op Respiration. 

Respiration consistB of the alternate eipanaion and contrdction of the 
thorax, by means of which air is dniWTi into or expelkiJ from the lunga. 
These acta are called Inspiration ami Expiration rosiieetively. 

For the inspiration of air into th'O lungs it is evident that oil that is 
necoBsary is such a movement of the side-walls or floor of the chest, or of 
Ixjth. that the capacity of the interior shall be enlarged. By such in- 
crease of capacity there will be of course a diminution of the proasuro of 
the air in the lungs, and a fresh qnantity will enter through the larynx and 
trachea to equalize the pressure on the inside and outside of the chest. 

For tho rxpiriifioti of air, on the other hand, it is also evident that, 
by an opposite movement which shall diminish the capacity of tLe chest, 
the pressure in the interior will be luereased, and air will be expelled, 
until the preseuree within and withont the chest are again equal. In both 
casM the air passes through the trachea and larynx, whether in entering 
or leaving the lungs, there being no other commnnication with the exterior 
of the body; and the lung, for the same reason, remains under all the 
circumstancea deBeribed closely in contact with the walle and floor of tho 
chest. To speuk of expansion of the chest, is to Bpeak also of expansion 
of the Lung. 

We have now to consider the means by which, the respiiatory move- 
ments are effected. 

RSSPIBATOET MOTSUEXTS. 



A. Inspiration. — The enlargement of the chest in ■inspiration is & 
muscular act; llie effect of the action of the inspiratory muscles being an 
jncreuae in the size of the ohost-carity (it) in the vertical, and (A) in tho 
lateral and a ntero- posterior diameters. The muscles engaged in ordinary 
inspiration are tho diaphragm; the external int^3^eo8tlllfi; parts of the in- 
ternal intercostals; the levatorescoetanrm; and serratus posticus superior. 

(ff.) The vertical diai/ieler of the chest is increased by the contraction 
and consequent descent of the diaphragm, — the sides of the muscle de- 
scending most, and the central tendon remaining comparatirely unmoved; 
while the intercostal and other muscles, by acting at the same time, pre- 
vent the diaphragm, during ita contraction, from drawing in the sides 
of the chest. 

(fr.) The increase in tho lateral and aniero-posteriar diampiprs of the 
chest is effected by tho raising of the ribs, the greater number of which 
are attached very obliquely to the epine and sternum (see Figure of Skele- 
jton in frontispiece). 

The elevation of the rihs takes place both in front and at the sides — 
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the hinder enda boin? proveiitt'd from performing any upward moTpmenti 
by tlii'ir attachment tu the 8]}ine. 'Die niovenient of the Trout extrvmitk* 
of tlip ribs ia of nenf^aeity uocntnimniod hy nit npvard and forwiu-il move- 
ment of the sternum to which they are attached, the nioremcnc iKiog 
greater at the kwer end thun at the uppw eud of the latter bono. 



Fio. 1S6.— ma^rvn uf axiw uf movcRiHil of ribs. 

Thtax^^s of rofatinn in these movements are two; one correspondinj; 
with a line drawn through tlie two articuliitiona which the rib forms with 
the spine {a b. Fig. 155); and the other, with u line drawn from oncoC 
theae (head of rib) to the sternum (A B. Fig. 155, and Kig. 15C); tbe 



*»*!t 



A-!;. 



,/-!^ 



Tilt. 190.~DlAtfmui "i inoTt^Dieiit or* rfVi in Iivqilrklicm . 

motion of the rib around i\w Iitttor axis being somewhat after the fiuhion 
of rairin^ the handle of a bucket. 

The elerationof the ribs i& acconipaujed by a slight opening out of the j 
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anj^le which the bony purt formi with ita cartilage (Pig. iri6, A); and 
K4fau£ un additional means is provided for incrcufiing the nntcro-postcrior 
dilimwter of the chest. 

The muscles by which the ribs are raised, in ordinary (\nwX inspiration, 
are tlie external intttrcontah, and rtiat portion of the intenuil inttrcmtaU 
which in situate between the costal cartili^es; and these are asgistcd by 
the lerntureji coftarum, and the serraius pfiHlicAin xuprrtor. The iH;tion 
of the hvalores and the nerratus is very simple. Their fibres, arising 
from (he spine as u fixed point, paas obliquely downward and forwanl to 
the ribs, and necessarily ntiso the latter when they contract. The action 
of the intercMtsI muscles ie not quite so simple, inattmnch as, pa&sing 
merely from rib to rib, they aecm at first sight to have no fixed point 
towanl which they can pull the bones to which they are attached. 

A Tery simple apparatus will explain tliis apparent anomaly and make 
their actinn jilaiii. fintdi an appuratus is shown in Fig. 15«. A B is an 
n|iright liar, representing the spine, with whieli are jointed two iiarallel 
harw, C ami D. whieh renrenent two of the ribs, and am connectwl in 
front by movable joints with another upright, roprosonting the stornuiu. 
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FM. 15r.— DtagrMn of uppu-atiu ahowmK Uie kcUiH) or ti» extenuil tnu>ri-4«uil muaclMk 
Tio. Its.— Dlagmin of appMntiiw Khowlag tha action of ttui li]t«>mml Intfn.'oiUJ miuicl'*. 



If ivith snch an apparatus elastic hands bo connftctcd in imitation of 
the intei-costal muscles, it will be found that when stretched on the bans 
after the fashion of the tx/ernal intercostal fibres (Pig. 157. C D), t'.*., 
passing downward and forward, they raise them (Fig. 157, C D'}; while 
on the other hand, if placed in imitation of the {>osition of the hiternal 
intcrcostals (Fie. 158, E F), i.e., passing downward and backward, they 
depress them (Fig. 1.58, E' F')- 

Tlie explanation of the foregoing facts is very simple. The intercostal 
lusclefl, in contnutting, merely do that which all other contracting fibroa 
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do. Tiz,, bring neamr togctlier the points to wliich they atr attftchwi: 
and in ortlcr to do this, tlic external intercostals must raiao the ribs, U» 
jioints C and D (Fi^. 1S7) being rearer to each other when the panlJel 
bars arc in the position of the dottwi lines. The limit of the morement 
in the apparatus ii rcaehccl when the elastic band extends at right angk* 
to the two liara whiHi it oonnects— tW points of attachment C* and D* 
bciiiff then at the smuUcRt possible distance one from the other. 

Tlie Uilfininl interfostiils (excepting those fibres whieh are att»ch*«i 
to the cartilajfts of the ribs), have uti opposite action to thut of the exter- 
nal. In contraPting thev must pull tlown the ribs, bi^cause the points E 
and F (Fig. 158) can only be brought nearer one to another (rig. laS, 
£' 1"") by such an alteration in their pwsition. 

On account of the oblique position of the C4irfilages of the ribs with 
reference to the sternum, the action of the inttrr-cariUaginrntg fibres of 
the intn^mal intercostale niu&t, of course, on the foregoing principles, re- 
semble that of the external iutt^rcostols. 

In tranqnil breathing, the expansive movements of the lower part of 
the chest are greater than those of the up{>cr. In forced inspiralioD. on 
the other hand, the greatest extent of movement appears to be in the 
upper autero- posterior diameter. 

Muscles of Extraordinary Inspiration. — In exiroortfinari/ or 
forced inspiration, as in violent exercise, or in coses in which there is 
some interfei-eucc with the due entrance of air into the chest, and in 
which, therefore!, strong efforts arc nceoBsary. other m\iscleti tlian tbow 
jiiBt enumorated, are pressed into the service. It ie very difficult or im- 
postfible to separate by a liard and fast line, the so-called muscles of ordi' 
nart/ from those of extraonltnart/ inepiratiou; hut there is no doubt that 
the following are but little used m rvfpiTatory agents, except in casee in 
which iinusnal effort? are required— tlie .*cnUtn niuacles, the stemoma*- 
toil}, the sfrrahi!* ma^mi:*, \.)\e p^'HorahH, and the trapfitua. 

Types of Respiration. — The expansion of the chest in inBpiration 
presents some peculiarities in different persons. In young children, it is 
effecteii chiefly by the diaphragm, wliioh being highly arched in expiration, 
becomes Hatter ae it contracts, and, descending, presses on the abtlomiiial 
viscera, and pushes forward the front ivalU of th'j abdomen. The move- 
ment of the abdominal walls being lieif more manifest than that of anf 
other part, it is usual to call this the abdominat tT]»e of respiration. lai 
men. together with the descent of the diaphragm, and tlto pushing for- 
ward of the front wall of the abdomen, the chest and the etemnm ara 
subject to a wide movement in inspiration {inferior natal tt'pe). 
women, the movement appears less oxtenaive in the lower, ond more 
in the upper, part of the cheat {superior coslal ty{»e). {8e<* Figs, 15fl, 
100.) 

B. Expiration. — From the enlargement produced in inspiration: 
the chest and lungs return in ordinary tranquil fxjiiration, by their ehifr 
tioity; tlic force employed by the inspiratory muscles in distending the 
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ehtct and ovorcoming the elastic rcstBtanco of the lungs and chest^wallB, 
bemg rctnmcd as an expinitory effort when the muscles are relaxed. 
lliia elastic recoil of tho lungtt ie eiiffieient, in ordinury <|uiut hn-iLthing, 
l^te expel air from tho chest in tho intorvnU of inepiration, and no mnscular 
^BpDwer IB required. In all voluntary (•xpiretory efiorte, however, Uiti itt itj>en1i- 
Hptg, singing, blowing, and the like, and in many involuntary actions also, 
PSU raeezini;, coughing, pti-., nomething more than merely paaaive elastic 
paver is neceBsnrr, and the proper expiratory muscles are brought into 
action. By far the chief of theae are the abdominal muscles, which, by 
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Fib 1<n. 

'TIhi cteOBM (tf lb» thontdc will abdomlrutL imlbi otthf nii>b>iliirln( n«ptrBtiaa. TtM 
* to be lued. In cnkt ^a Uiruw tarvmrd the rntplrmlon mumnptit m nuudi aa pril 
-- mA WUttuimm bam In tmat rw ui iwrn a U Um arOBmry bTMUliInc nwrnnent: Uiv anw- 
ttbclivitel>>>(indBrrof Uiv>lf«U(a,Uu)pcMMioriiiWftDlbeUniltof rKplnUloo. "Hto 
OVOT lfe« kbdooMi^ MDOi UiB finttiiMT i«n>U«U3nr movonMBt ta chMlr mbrl(iniln>l; thUi 
tonher* to )cn noreniMt (WW Uwt ronoo. "nwdoUMlUiwlBdkatnitlii? niovpiiinit 
lUoa, daring wblobllMataTimiii«dTM)c(BwlillatlM ■bdoatan iMcptlrs 
TIM ranlniMT BKnWMOt In tbm tnaaU. Tlw Ubh ladicSBe th»uin^ cl;uiitt« m Is 
Tb» ttlofc'n— i <rf tb» oowUiwwiM Une 'rvrnT ibvrteniumdKnn tkhrnr luctrnt of tti* 
_ _lHiow*«niMit(i*«ritaali«ctOBli>UMfaiialiUMiilii ilw iaftl»L Ucibn llutchliuoQ.) 
p awMrior caallnMWjillnB tvp r« m r / t » In botli fifuna Uw timit of forced eipdntkui. 






^nning on the viAcero of the abdomen, push up the floor of the choet 
formed by the diaphragm, and by thus making prewnire on the iuiigs, 
expel air from them through the trachea and larynx. All mnicles, how- 
erer, which deprcm the ribs, murt act nliio an mnftnles of expiration, and 
therefore we mnat conclude that tho abdominal muscles are assisted iu 
their at^tiou by the greater part of the internal intertwetals, the trianffu- 
laris tierni, the gerratua posticus inferior, and qundratus lumbornm. 
When by the efforts of the expiratory muscles, the chest has been squeexed 
to less than its average diameter, it again, on ruluxation of the muscles, 
Itonif to the normal dimensions by virtue of its elasticity. The ooo- 




struction of the cliest^waUs, therefore, admirably ndapie them for recoiling 
against iiuil rcsistiog as well endue contraction at uniioe dtlatAtion. 

In the nut^irul conclitiun of thu parte, the Jungs cau never contract t« 
the utmost, but aro nlways more or lev "on the stretcli," being ktfi 
closely in contact with the inner enrfaco of the walU of the cbestbr 
ntmosi^lieric prcMuro, and can contract away from these only when, hr 
some moans or other, as by making an opening into the pleural carity, or 
by the effusion of fluid thoro, the preaeure on the exterior and interior a( 
the lungd bceomes equal. Thus, under ordiniu^' circnmstoDoes, ihe 
degree of eontnictiun or <iilatation of the lungs is dependent on that of 
the boundary wnlle of the chest, the outer eurfoce of the one being in 
close contact with the inner Biirface of the other, and obliged to foUov it 
in all its movements. 

Respiratory Rhythm. — Tlie acts of expansion and contraction of 
the chest, take uji, under ordinarj- circumstances, a nciirly equal limt 
The act of inspiring air. howeTer. especially in women and children, is > 
little shorter tlian that of cx[)etling it, luid there in commonly a ver; 
slight i)au8e between the end of expimtion andthe beginning of the neil 
infipimtioD. The respiratory rhythm may he thus expressed: — 

Inspiration / 6 

Expiration 7 or 8 

A very slight pause. 



i 



Respiratory Sounds. — If the ear be placed in contact with the trsll 
of the chest, or be separated from it only by a good conductor of sound, 
a faint rt*pii-atory mvrmtir is heard during inspiratiyn. This eound 
varies somewhat in different parts — being loudest or coaneet in the neigh- 
borhood of the trachea and largo bronchi (tracheal and bronchial breutli- 
ing), and fading off into a faint sighing as the ear is phiced at a distance 
from thcK (vehicular hretithing). It is best heard in children, and in 
thorn a faint murmur is hoard in expimtion also. The cause of the veEie- 
nhir mnrmur haa received variona explanations. Most obeervers hold 
that the sound is produced by the friction of the air against the walls uf 
the alveoli of the liiugs when they are undergoing distension (Laennec, 
Skoda). otberB that it is due to an oscillation of the current of air as it 
eaten the alveoli (Ohaur^au), whilst others believe that the sound is pTx>- 
dnced in the glottis, bnt that it is modified in its passage to the pulmo- 
nary alveoli (Ileau, Gee). 

Respiratory Movements of the Nostrils and of the Glottis.— 
During the action of the muscIcB which diivctly draw jiir into the chcel, 
those which guard the opening through which it enters arc not |)a»:iv{>. 
In hurried breathing the inhtim'tive dilatation of the nostrils is well sii-n. 
although under ordimiry conditions it may not be noticeable. The open- 
ing at the upper part of the larynx, however, or rtma gioHidit (Fig. 297), 
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is (U)at«d at ench inspiration, (or the more ready passage of air, and be^ 

comes smaller at each expiration; ita condition, therefore, correaponrling 
during respiration with that of the walla of tlit; chest. There is a fiirtlior 
likeness between the two acta in that, under ordinary cirimrjistaiicea, the 
dilatation of the rima glottidis is a muKculur act, and itc contractiuu 
chiefly an elastic recoil; although, under varioiie conditiuue, to be hure* 
after mentioned, there may be, hi the contraction of the glottis, consider- 
able muscular ])Ower exer«^ifled- 

Tertns used to express Quantity of Air breathed. — Breathing 
or tidal air, \» the quantity of air whii^li is habituidly and almost uni- 
formly changed in each act of breathing. In a healthy udult man it ie 
about 30 cubic inches. 

Complementol air, is the qnautity over and above this which can be 
drawn into the lungs in the deepest inspiration; its amount is rarioiig, as 
will be presently shown. 

Reserve air. After ordinary expiration, such as that which ex]>eld the 
breathing or tidal air, a certain quantity nf air remains in the hiiigK, 
which may be expelled hy a forcible and deeper expiration. This is 
termed roeerve air. 

Ittsidual air is the quantity which etill remains in the lungs after the 
most violent expiratory effort. Its amount depends in great measure on 
the absolute size of the cheat, bat may bo estimated at about 100 cubic 
inches. 

The total quantity of air which passes into and out of the lungs of an 
adult, at reet, in :J4 hours, is about G86,OO0 cubic; incliea. This quantity, 
however, is largely increased by exertion; the average amount for a hard- 
working laborer in the same time, being 1,&68,390 cubic inches. 

lUspiratory CapafHij. — The greatest respirator)' capacity t»f thu cheet 
is indicated by the quantity of air whicli a person can expel from his lungs 
by a forcible expiration after the deepest inspiration that he can make; 
it expresBee the jiower which a person has of breathing in the cmergcncipa 
of active exercise, violence, and discafio. Tlie average capacity of an 
udult (at 60° F. or l&-4° 0.) is about 335 cubic inches. 



Tlie re*pii-a/ory capacity, or as Ilutchinson called it, vitai capacity, 
is uflually measured by a modified gasometer [^piromfttrr of HutchiuBtm), 
into which the experimenter breathes, — making the most proUmgeU es- 
pinition po«sible after tlie deepest possible inspiration. The quantity of 
air which in thus expelled from the lungs is :ndicnted by thu height to 
which the air chamber of the spirometer rises; and by means of u scale 
placed in connection with this, the number of cubio ioches is read off. 

In healthy men, the reHpimtory capacity varies chiefly with the stature, 
weight, and age. 

It was found by Hutchinson, from whom most of our information on 
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tbt8 subject is derived, that at a temperatore of 00° F., Hb cubic incbs 
ifl the average vital or respiratory capacity of a healthy i)4>nK>ti, &ve feel 
wven inches iii height 

Oirainutaricef affecting the amonnt o/" respiratory capacity.— Vot 
every inch of licight above this standard the capacity is incr^ueu, otiii± 
average, bv eight cubic inches; and for every inch below, it is diminitbec 
by the sami3 amount. 

The iuilucia-e of weigkl ou the capocitr of reepirutioii is leea manifest 
ami c'oiisideriibic than that of licight; aim it i^ infficult to arrive at aiij 
defiiiilo coiu'I unions on ihis point, bcicau&e the natural average weight ik 
a hetJthy nmn in reUition to n^tatiire IiuJ not yt*! Wen di-lt^rniined. Sf i 
e;cneral statement, however, it maybe said that Oie capiteityof respiration 
iR not atTected bv wt-iKhtt^ under 161 poumiH, orU^ stones: but thit, 
iihov(> this point, it \» uiniiuiHhi<tl at the rate of oue cubic inch forerrrv 
additional pound up to Kit! poiinde. or H etoneg. 

By fTffe. the capacity appears to be increased from about the fift«fnl!i 
to the thirty-fifth vear, at the rate of five cubic inches per year; fr»m 
thirty-five to sixty-five it diminishes at the rate of about one'and ahalf 
cubic inch per year; so that the capacity of respiration of » man of «xiy 
veal's old would' be about 30 cubic inclies less than that of a man forty 
years old, of the same height and weight. (John Uutchiuson.) 

Number of Respirations, and Relation to the Pulse.— "nui 

numbfr of respirations in a healthy ndiih. person nsually ranges from 
fourteen to eighteen per minute. It in greater in infancy and childhood. 
It varies also much according to different circumstances, such as excrtiw 
or rest, health, or disease, etc. Variations in the number of respirutions 
correspond ordinarily with similar variations in the pulsations of tbe 
heart. lu health the proportion is about 1 to i, or 1 to 0, uod vben tlie 
rapidity of the heart's action ia increased, that of the cbeet movBineDt 
is commonly increased also; but not in every case in equal proportion. 
It happens occasionally in disease, especially of the lungs or air-patssagee. 
that the number of rtspiraiory acta increases in quicker projiortion tlisn 
the beats of the piihe; and, in other affections, much more commonlj. 
that the number of the pulses is greater in proportion tluui that of the 
respintions. 

There can be no doubt that the number of respirations of any given 
auimal is largely affected by its sias. Thus, comparing animids'ol th* 
same kind, in n tiger (lying quietly) tho numl>er of respirations was 20 per 
minute, while in n snintl leopard (lying quietly) the number was 30. In 
a small monkey 40 per minute; in a lai^e bAboon. 20. 

The rapid, panting resjiiration of mice, even when quite still, ii 
familiar, and contrasts strongly vith the slow breathing of a large uiimsi 
such as the elephant (eight or nine times per minute). These facts mar 
be explained as follows: — .The heat-producmg power of any given animu 
depends largely on its bulk, while its loss of heat depends to a grwt 
extent upou the surface area of its bodv- If of two animab of similar 
shape, one be ten times as long as the otKtr, the area of the large auimal 
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Fe Iocs of heat) is 100 timua thai, of flie imftTTone, whilo its 

(reprewiilitig production of heat) is tiboiii 1000 times as great. 

ins in order to baluiifo il*! niucli grvitttr r(jIaUve!<isH')f In-al. the sniallur 

lima) mtwt huve ull ilK \iiiiX functions, circuiatiou, respinUiuu, etu., 

ried on mnob more rapidly. 



Force of Inspiratory and Expiratory Muscles. — The force with 
rhich tho iuBpiratorv uiuscleti aro capable of uctiiig is greatest in iudivid- 
of thu height of from five feet eeren inches to five feet eight inches, 
will elevate a column of threo inches of mercur)-. Above iliia height, 
the force dccrcaae* as the stature lucreases; so that the ovemge of men 
rOl six feet tyan elevate only about two and a half inches of mercnrr. The 
srre maniftwted in the strongest expiratory acts is, on the average, one* 
'third greater than that exercised in in.spirution. But tbia difference is 
I ill great me»surt> due to the power oxcrttiU by the clastic n^ction of the 
I walls of the chest: and it is also much influenced by the disproportionate 
^Htren0h which the t^xpinitory muscleuuttaiii, from their being colled into 
^Psfv for other pnrpoee^ ttian that of simple expiration. The force of the 
itupimtory act is, therefore, better atlapted than thatof the expiratory for 
I testing the mtucular strength of the body. (John Hutchinson.) 






The instrument used by Hutchineon to gaupe the inspiratory and ex- 

Siratnr}' power \\a& a mercurial manometer, to wliich whs attacheil a tube 
ttiiig the nostrils, and through wliioh the liupimtorv or expiratory 
. ofTort was mado. Tho following table reprosent« the ruBults of numerous 
lexpcrimonts: 



Power of 
Insplrntory MuKles. 

1 ■:> in. 

a-o" 

8-5 " 
4 5 " 
6-6" 
• ■O" 

7-0 •' 





Power of 




Expintory Miinclea. 


Weak 


. 2-0 in. 


Ordinary 


. 25 " 


Strong . 


. 3-5 •' 


Very strong . 


. 4-5" 


Kemarkuble . 


. 6-8 "• 


^'e^y remarkable 


. 70 " 


KxtraonUimrv 


. 8-5 " 



Very extn«jniinary . 10-0 



The greater part of the force exerted in deep inspiration is employed 
overcoming the resistance offered by tho elasticity of the walls of the 
[idlest and of the lungs. 

The amount of this elastic resistance was estimated by observing tho 
elevation of a column of mercury raised by tho return of air forced, after 
death, into the lungs, in quantity equal to the known capacity of respira- 
tion during life; and Ilutchinson calculated, according to tho well-known 
lyrdraatattc law of eqnality of pressures (as ithown in tlie Bramah press), 
toftt the total force to be overcome by the muscles in the act of inspiring 
200 cnbic inches of air is mure than 450 llis. 
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Tlie eluslic force overcome in ordinary inspiration is, According to the 
same authority, equal to ubout 170 lbs. 

Douglas rnwcllhafi shovn that within the limits of ordinary tratUfuA 
TMpira/ion, the elastic reailiencu of tho wuWy v/ the rJieJit favors iufjrira- 
lion; and tliat it is only lu deep iiiepiration that the ribs uid rib-cartilagn 
offer on oppoeing force to their ditatatioii. lu other words, the elutiu 
resilience of the luugs, ut the end of on act of ordiiiarj' breathing, \m 
druwu the chost-walls within the limits of their normal degree of exptn- 
sioQ. Under all circumstaoces, of courae, tlie elastic tissue of the lun^ 
opposes inspinitioii, and favors expiration. 

Functions of Muscular Tissue of Lun^s.— It is possible that th* 
contractile power which thti broncliial tubes and air-To«icles poescaa, !«■ 
moans of their muscular Jii res may (1) usNst in expiration; but it is mofb 
likely thai its chief purpose is (2) to regulato and adapt, in some nnrMUtv, 
the quantity of air admitted to the lungs, and to each part of tben, 
affording to the supply of hloud; (3) the muscular tissue contracts upou 
and gradually expols collections of mucus, which may have accumulated 
withui tiie tubes, and cannot be ejected by force<l expiratory «tTorts, owing 
to f;o]lapse or other morbid conditions of the portion of lung connecteJ 
with the obstructed tubes (Oairdner)- (4) Apart from any of the befcii*- 
mentioned functiontf^ tlic proaonce of muscular fibro in tlio walls of a hol- 
low viscuB, sUL-h OS a lung, is only what might be expected frum analogy 
with other organs. Subject an the lungs are to fluch great variation is 
size it might bo unticiputed that the clastic tiEsuc, which enters so largdy 
into their composition, woidd be supplemented by the presence of oiucli 
muscular libre also. 



HehPIRATOICT CnANOES IS THE AlB AND IN THK BLOOD. 

A. In the Air. 

Compfmition of the Atmosphere. — Thi< atmosphere we breathe has, in 
every situation in which it lias been examined in its natural state^ a m-arty 
uniform composition. It is a mixture of oxygeu, nitrogen, corbonio 
acid, and watery vapor, with, commonly, traces of othergases.Rsammoius. 
sulphuretted hydrogen, etc. Of every 100 volume* of pure utmoepberic 
air, 79 Tolumoa (on an average) consist of nitrogen, ihc remaining ?i of 
oxygen. By weight the proportion is N. 75, 0. 25. TIip proportion of 
carbunic acid is extremely sniaJl; 10.000 volumes of atmospheric air con- 
tain only about 4 or 5 of carbonic acid. 

The quantjly of watery vapor varies greatly according to the temper- 
ature and other circumstances, but the atmosphere is never without some. 
In this country, the average quantity of watery vajwr ui the atmosphen 
is l-4<) |ier cent. 
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CompOfUum of A ir ich ich has btfu breathed. — The changes effected by 
KBpiriitton in the atmospheric air are: 1, an Increase of temperature; 2, 
«n increase in the quantity of curbonic acid; 3, a diminntioD in the quan- 
tity of ojxgen; 4, a (lirniiiution of volame; P, an increase in the amount 
of watery vapor; 6, the addition of a minute amount of organic nutter 
and of tree ammonia. 

1. The expired air, heated by its contact with the interior of the 
tangs, is (at leust in most climates) hotter than the inspired air. Its 
temperature variee between 97" and 99.5° F. (36"— 37-5" C), the lower 
temperature being observed when the air has remained but a short time 
in the lungs. WhalCTermay be the temperature of the air when inhaled, 
it nearly acquires that of the blood )>eforc ii is cx]>e1Icd from the chest. 

?. Tlie Carbonif: Acid in n-spircd air is always increased: but the 
quantity exhaled in a given time is subject to change from various cir- 
cumstances. From every volume of air inspired, aboot iH percent, of 
oxygen ia abstracted; while a rather smaller quantity. 4'3. of carbonic 
•cid is added in its place: the air will contain, therefore, 434 vols, of car- 
bonic acid in 10,000. Under onlinary circumstances, the qnantity of 
carbonic acid exhaled into the air breathed by a healthy adult man amounts 
tol346cubiL- inches, or alwut 636 grains per hour. According lothiaesti- 
mate, the weight of carbon excreted from the lungs is aliuut 173 grains 
per hour, or mther more than 8 ounces in twenty-fonr hour*. These 
quantities must be considered uppruximiiLe only, iiuismuch hr various cir- 
camstanpjB, even in health, iuflucncu tlic lunount of carbouic acid ex- 
creted, and, correlatively, the amount of oxygen absorbed. 

Circumfiancfn inftuencing the amount of carbonic acid excreted, — The 
following ore the chief: — Ago and sex. "Ecapiratory movements. Ex* 
temal temperature. Season of vcar. Condition of respired air. Atmns- 
pheho oonditiona. Period of tlio day. Food and dnnk. Exeroiso and 

0. Age and Sex. — The (juantity of rarbonic acid exhaled into the air 
braatbedby malm, regnlai'ly incn-HHea from eight to thirty ycArs of aee; 
from thirty to fifty the (juantity. after remnining stationary for awhnc, 
gradually diminishes, and from ttfty t«i eitreine ace it goes on diminish- 
ing, till it scarcely exoeeds the quantity pxhaleil at ten years olil. In 
females (in whom the quantity exhaled m always less than m males of the 
same age) the sim^ie rt^gnlar increase in qnantity goes on from the eighth 
year to the age of pnbcrty, when the qnantity abruptly ceases to increase, 
and remains stationary so long as they continue to menstruate. When 
menstruation has ceased, it ioou decreases at the same rate as it doe* in 
old men. 

ft. Reitpiratory Movtm«ntf. — ^The more quickly the morements of 
respiration are performed, the smaller is the proportionate qnantity of 
coroonic acid containe<l in each vuhune of the expired air. Although, 
however, the projKirtianate quantity of carbonic acid is thus diminished 
daring frequent respiration, yet the alwdute amount uxboled into the uir 
wjtliia a given time is iucreuaed thereby, uwiug to the larger (quantity of 
Vol. I.— 18. 
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air which is breathed in the time. The liwt half of a volnmp of expired 
air contains more tHrbonic acid than tliclmlf first eijjired; acircunistaJK-r 
wliieli is vjc]>luiueij bv the one ]x>rtion ot air coming fi'um the rtfniotv gori 
ot the luiifn, wiit^ru il hiu been in more immediate uuU proluiigfd ix>tiUi<-t 
with the bluud than the other ha^, which eomed chietlj,' from ihe larger 
bronchlul tubes. 

c. Kxdrmtl tanperalure. — The obsen'ation mode bv Vierordt at vari- 
ous temjierutures batweeii 38" F. aud 75° F. (3-4"— 23-8" C.) ahow, for 
wurm-btuoded aiiimiUi;, that within this range, every riae eqaiU to 10" F. 
vausea a diminution of about two cubic inchea in the quantity of carbonic 
ac'id exhaled per minute. 

d. i^'eason of ihe Yenr. — The season of the vear, independently of 
temperature, materially influences the respimtorv nfienomena: Bprine being 
the season of the g^reut«Ht, and autumn of the least activity of the iw- 
pinitorv and other funcLiona. {Edward Smith.) 

c. )*ffriti/o/ thti Hespiriid Air. — The average quantity of carbonic jwid 
given oiit by the lungs coualitntcs about 4*.') per Pont. of the eipiiwl 
air; but if tne air which is breathed be previously impregnated with car- 
bonic acid (a« is the case when the same air \t freiiuently respired), then 
the quantity of carbonic acid cshalcd becomes mucli 1»tS(». 

/. Ilf/ffforitefric State of Atmo^tphfri.^TUc amoant of carbonic aciit M 
exhaled is considerably inmieneed by the degree of moisture oC theatmot- ■ 
phere, much more being given off when the air is moist than when it it 
dr5". (I^hmann.) 

g. Period of the Day. — During the daytime more carlwnic acid u ex- 
haled than cori'esponds to the oxygen abeorbe<l; while, on Ihe other haD<l. 
at night very much more oxygen is absorbed than is exhaled in carbonic 
acid. There is. thue. a resfrvefund of oxjcen absorbed by night to meet 
the roquiiemcnts of the day. If the total quantity of carbonir'acid ei- 
haled ju 'i\ hours be rcni-cRonted by 100, h't parts are exhaled during the 
day. and 4H at nigiit. Vhilo. eimitarly. :i:) parts of the oxygen are ab- 
sorbed during the dav, and the remaining 07 ut uiglit. (Pcttenkofur and 
Voit.) 

li. Food and Drinl: — By the nst- ot fnod the quantity ia increoseil. 
whiEst by fasting it is diriiintRlieil; it i» g'lvater when aninnik are fcwl nn 
farinaiWJUH food than wlien fi'il oi] meat. The effects prrHiuiwd bv8i)iriiu- 
ona drinks depend much nn the kind of drink taken. I'nre alcohol lends 
rather to increase than to leBrten reajiiratory changes, and the amount 
therefore of carbonic acid expireil; rum, ale. ant! porter, also sherry, hava 
very Biniiliir effects. On ilie otiier hand, Imiiidy, whisky, and gin, par- 
ticularly the latter, almost always lessened the respiratory change*, and 
oonsequentiy the amount of ciirbonio wnd exhaled. (Kdwani Smith.) 

i. Exernse — /iodi'lt/ crerrige, in moderation, incrcMei) the quantity 
to about one-third more than it is during re^t: and for about an Ivonr 
after exerciiie the volume of the air expired in the minnte is increased 
about 118 cubic inches: and the quantity of carbonic acid about 7*8 cubic 
inches per minute. Violent exercise, such a-s full labor on the treadwhe«l, 
still further increa.scB the amount of the acid exlmled. (Edward Smith.) 

A larger quantity is exhaled wlicu the barometer is tow than wheo it 
is high. 

3. The oxygen Is diminished, and its dimination is generally propor- 
tiotmte to the increase of the carbonio acid. 
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For erery volume of carbonic acid exhaled into the nir^ 1 -1 7421 Tohimes 
of oxvgen are al»orb«4l from it, and l'i46 cubic inches,, or r».1fl jpnins, be- 
iag exhaled in the honr, the quantity of oxyi^n abeurbed in the same time 
ia IStSl cubic inches, or 5i'i graiiu. According to this catiiiutc, tltere is 
flior« oxygen absorbed than is exhaled with carbon to form carbonic acid. 

4. The voUime of air expired in a given time is leas than that of the 
air inspired (allowunco being nindc for the expunsion in being heated), 
and that the loss is dne to a portion of oxygen absorbed nnd not returned 
in the exhaled carbonic acid, (ill ohseni'ers agree, though as to the m-tual 
(juantily of oiygen so absorbed, they dilTtft' even widely. The umoiint of 
«xygen aboorlied is on an average 4-ij per cent., so that the exi>ired air 
contains Iti-'-i volumes per cent, of that gas. 

The quantity of oxygen that (Ioch not conibino with the carbon given 
off in rariwnic acid from tlic lungs ia pmlmbly disiKtscd of in forming 
aoDie of the carbonic acid and iraier given olf from tne skin, and in com- 
bining with sulphur and phoBplioriis to form part of the ncid^ of the sul- 
phates and phosphates excreted in the urine, nnd probably also, with the 
nitrogen of the decomposing nitrogenous tissues. (Bencc Jones.) 

The quantity of oxygen in the atmo«phcre surrounding animals, ap- 
j>paFB to tiavB very little influence on the amount of Itits gas abeorim) br 
ihem. for the quantity uunsunied is not greater even though an exccsa of 
oxygen be added to the atmosphere expcnnientcd M'illi. 

It ha8 often I)een di»cueieed whether JS'itrogen id absorbed by or exhaled 
from the longs dnring respiration. At present, all that can be said on 
the subject \a that, under moat eireumBtancea, animals appear to expire 
a very small quantity above that which oxiita in the inspired air. Dnring 
prolonged foisting, on the contrary, a small quantity a]>peara to h« ab- 
aorbed. 

5. The watery vapor is increased. The quantity emitted is, aa a gen- 
eral rule. sufKcient to sataratc the expirud air, or very nearly so. Ita abeo* 
lute amount i«, therefore, influenced by the following eircunuitancea, (1), 
by the qnantity of air respired; for the greater tliis U, the greater also 
will be the quantity of moisture exhaled, {i), by the quantity of watery 
tapor contained in tlio air jirevioua to ita being inspired; because the 
greater thia ia, the lese will be the lunonnt required to complete the suto- 
ralion of the air; (3), by the temperutnre of the expired air; for the 
higher this ia. tlie greater will bo the quantity of watery va[>or required 
to wturate the air; (4), by the length of time which cuch Tolnmo of iu- 
apLred air is allowed to remain in the lunga; for although, during ordinary 
respiration, the expire<l air is always saturated with watery va])or, yet 
when respiration is performed very rapidly the air has scarcely time to be 
Taiaed to the highest temperature, or be fully charged with moisture ere 
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The quantitv of water exhaled from tho langs in twenty-four houn 
rai]i,'e« (at'wnliiig to the varttms inodifviug cireumHtanciai already rnen- 
tioncd) from about 6 to 27 oudcce, the ordiitor)- quantity beiug about 9 
OT 10 ounces. Some of tbld ia probably formed by the chvmical comluna- 
tion of oxygen with hydrogen i» the system; but the ftir larger {jropor- 
tion of it in water wliich has lieen abiorbed, m such, into the blood torn 
the alimentary canal, and which U exhaled from the surface of the air- 
puasiige'S and cells, as it is from the free Burfacee of all moist animal mem- 
bniiiea, purtiouliirly m the high temperature of warm-bloixled animali- 

6. A smull quantity of ammonia ia odded to tho ordinaT7 constJtucniA 
d expired air. It seems probable, bowever. iKith from the fact that this 
substance cannot be alnays detected, and from its minuto amount wIud 
present, that the whole of it may be derived from decompoeiug parlicLes 
of food left in the mouth, or from carious teeth or the like; and that it 
is, therefore, only an accidental constituent of expired air. 

7. The quantity of organic matter in the breath is about 3 grains in 
twenty-four hours. (Bansome.) 

Tho following i-epresentB the kind of experimont hy which tho fon- 
going fftcts rcgiiriling the excretion of carbonic iicid, water, and or^uio 
nia.tt*>r, have bctMi cataldished. 

A bird or motipc is pkfed iii a largo bottle, through the stopper of 
which two tiibija pafis, nnf to supply frcHh air, ami the other to carry oF 
that which has been expirwl. itefore entering the Iwttle, the air ii 
made to bubble through a strong solution of nauRtic potash, which abaorbB 
the carbonic acid, and then through lime-water, which by remaining 
limpitl, proves the absence of carbonir iicid. The air which has been 
breathed by the animal is made to bubble through lime water, whicb it 
once becomes turbid and soon quite milky from the precipitation of cfll- 
oinm carbonate; and it finally passes through strong sulphuric aciil, 
which, by turning brown, indicates the presence of organic matter. The 
Watery vapor in the exjiired air will condense iuude the bottle it thesu- 
face be kept cool. 

By means of an apparatus sufficiently large and well constructed, 
experiments of the kind have been made exten^vely ou mau. 
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Metoodb by which thb Respiratory Chanoes ik the Am abb 

EFFBOTBD. 

The method by which fresh air is inhaled and exjielled from the lungs 
has been considered. It remains to consider how it is that the Uocm] 
hVwnrhs oxygmi from, anil gives up carbonic acid to, the air of the alvwli. 
In tho first place, it mui^t bo remembered that the tidal air only wnount^ 
to about 35 — 30 cubic inches at each inspiration, and that thin is of conrse 
insnfficient to fill the lungs, bnt it mixes with the stitionary air by tUffv- 
sion, and fio Bupplies to it new oxygen. The amount of oxygen in expired 
air, which may be taken as the average composition of the mixed 
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the Inngt, u about 16 to 17 per cent. ; in th« pulmonary aheoli it may be 
zsiber le«8 than thia. From this air the Tenons blood hne to take up ox^ 
gem in the pm]>ortion of « to Id vols, in every Immlri-d volume of bloiwi, 
MM t)ii* diflerenoc Wlwecn ihe amount of oxygen in arterial and venous 
blood is no lesa than that. It seems therefore somewiiut difficult to un- 

ifind how this uan bu accomplished ut the low oxygen tension of t)ie 
lonnrj- nir. Uut as wu» puiutod out in u pri'viuu^ Chajiter (IV.). the 
oxygon is not simply dissolved in the blood, but is to a grent extent 
rhemically combined wilh the hwnioglobiu of the red corpuscles; and when 
a Uttid contuinH a liody wliicli enters into loose chemical combirmtion in 
this way with a gas, the tension of the gas in the Hntd in not directlypro- 
portional to the total r|uuiitity of ttio gas taken up by the tiuid, but to the 
ezcoH above the total quantity which the tiubstunce dissolved in the fluid 
ii capable of taking up (a known <]uantity in tlie ouw uf ]ia>muglobin, 
Tis., 1*59 cm. for one grm. hemoglobin). On tlio other hand, if the sub- 
■tancc be not saturated, i.p., if it be not combined with aa much of tho 

U it ill capable of taking up. further combituitiou leads to no increase 
tension. However, tliere is a point at which the haemoglobin gives 
up ita oxygen when it is exposed to a low partial pressure of oxygen, and 
ihcrc is also a point at which it neither takos up nor gives out oxygen; 
in the case of ariorial bhwHl of tlio dog, tlii^t is found to be when the ox}'- 
gen tension of the atmoiipherc is equal to ;^-9 per cent, (or 30 '6 mm. of 
mercnry), which is equivalent loiruyiiig that theoxygi<n tension of arterial 
Uoud is 3*9 per cent.; venous blotMl, in a ahnihir manner, has been found 
to have an oxygen tension of 2 8 per cent. At a higher temperature, tho 
tension is raised, as there is a greater tendency at a high temperature for 
th« chemical compound to undergo dissociation. It is thfreforo easy to 
aee that the oxygen teiwion of the uir of the pulmonary ntvooH i.s quite 
•nfflcicnt. even supposing it mnch lesa than that of Ihe expired air, to 
enable the venouti h\imi\ to take up oxygen, and what is more, it will take 
it up until the liffimoglobin is very nearly aaturateil with the gaa. 

As regards the elimination of earhouie acid from Ihe blood, there is 
tfridence to show that it is given up by a process of umple diffusion, the 
only condition necessary for the process beiiip that the tension of the car- 
bonic acid of the air in tho pulmonary alveoli should bo Ic&s than the ten- 
sion of the carV)onic acid in venous blood. The carbonic acid tension of 
the a]ve«ilftr air probably does not exceed in the dog 3 or 4 per cent., 
while that of the venous blood is 5*4 per cent., or equal to 41 mm, of 
mercury. 

B. Respiratory Changes in the Blood. 

Circulation of^Blood in the Respiratory Organs. — To be ex- 
poved to llic nir tlitis alt^niatcly moved into and out uf Ihe air cells and 
minute bronchial tubes, the blood ut pro])«lled from tite right vontricle 



198 



KAKTD-ROOK OF PHY8I0L0OT. 



through the polmonar)- capiUariea in steady streama, uid dowly enough 
to permit every minute portion of it to be for a few seconds exposed to 
the air, with only tlie thin walls of the capillary Te-f>«els and the wyxUs 
intervening. The piihnonary circulation is of the simplest kind: for the 
piilmonftry artery bninches rcj^uliu-jy; ita successive branches run in 
straight lince, and do not imastomoso: the capillary plexus is uniformlr 
spn-od over the air^celU and intercellular paBsogcs; and the veins derived 
from it proceed iu a course as simple and uniform as that of the arturies, 
their branches converging but not anastomosing. The veins have at> 
valves, or only small imperfect ones prolonged from their angles of junc- 
tion, and incapable of closing the ontitx- of either of the veins between 
which they are i)!iiced. The pulmonary circnlation also is unaffected by 
changes of litniosphcric pressure, and is not ex|>06cd to the influence of 
the pressure of iriueoltjs: the force by which it is acoompliehed, and the 
course of the blood, arc alike simple. 

Changes produced in the Blood by Respiration. — The noet 
obviouB change whicli the bioud of the pulmouiir}- artery undergoes in 
its passage thi-ough the lungs is 1st, that of color, the dark crimeonof 
venous blood being exchanged for the bright scarlet of arterial blood; 2iuf, 
and in connection with tho preceding change, it gains oxygen; Srrf, if 
loses carbonic! acid; ith, it Iwcomes slightly cooler {p. 103); 5M, it coipi- 
latcs sooner and more llrmly, and, apparently, contains more Rbrin (etc 
p. 87). The oxygen abeorbcd into tho blood from the atmospheric sir 
in the Itings is combined chemically with the hffimoglol)in of the red 
blood>eorpnBdoa. In this condition it is carried in the arterial blood to 
the various parts of the body, and brought into near relation or contact 
with tho tissuea. In these tissues, and in the blood wliich circulatea in 
them, a certain portion ot the oxygen^ which the arterial blood containi, 
disappenrE, and a proportionate quantity of carbonic acid and water is 
formed. The venous blood, containing the ncw-formod carbonic acid, 
retunifl to the hnigs, where a portion of the carbonic acid is exhaled, and 
a fresh supply of oxygon is token in. I 

Mechanism of Various Respiratory Actions. — It will be well 
here, perliupis, to explain some respiratory acts, which appear at first 
sight somewhat complicated, but cease to be so when the mechanism by ■ 
which they are performed is clearly nnderetood. The accompanving dia- 
gram (Fig. IGl) shows that the cavity of the chest is seimrated from that 
of the abdomen by the rliapbragm, whif^h, when acting, will leswn it« 
cur%-e, and thus descending, will push dowfward and foruvird the ab- 
dominal visecra; while the abdominal muscles have the op|)osit« effect, 
and in acting will push the viwera upward and bachivard, and with 
them the diaphragm, supjiosing its ascent to bo not from any cause inter- 
fered with. From the eamc diagram it will be Boen that tho lungs 
municate with the exterior ot the body through the glottis, and 
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he mouth and noetrila — ibrongh ctthor of thom aoparatoly, 
loth at tite eamo time, ucconling to the position of the soft 
stoniAch oommtmicatcB with the exterior of the body through 
u, pharynx, and mouth; whilu below tho rectum opciu at 
d the bhkdder through tho urethra. All these openings, 
h the hollow viscera communicate with the exterior of the 
irdod by musclea, called sphincters, which can act independ- 
other. The position of the latter is indicated in the dii^ 




no. 101. 

—In ngbing there is a rather prolongsd inspiration; the air 
Hly pawinK in through the glottis, and by the elastic recoil 
and chest-walls, and probahty also of the abdominal walls, 
uddenly expelled again, 
be first, or in^piraiory |iart of this act, the descent of the 

Ks the abdominal viscera downward, and of oonrse this 
[to evacuate the eoiit<>nU ul euoh as communicate with the 

body, [noamuch, however, us their varioue opontngB aro 
»hiuct«r muscles, in a state of coiistunt tonic contraction, 
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there is no escape of thoir contents, and nJr einiply ontera tho langi. In 
tlio second, or expiralory port u£ the net of eiighing. there ia al^o presnin 
made on the abduminal ^iscom in the opposite direction, by the elaitie 
or miigcular recoil of the abdomimil walls; but the pressnre \i relieTed br 
the escape of air through the open glottis, and tlio relaxed diaphragm ii 
pushed np again into its original position. The sphuictera of the stonuwh, 
rectum, and bliuliter, act as before. 

Hiccough resomblcs sighing in that it ia an inspiratory act; bat ths 
iufipiration 13 sudden instead of gnidual, from the dinphrugm acting fDl> 
denly ami epiisniodically; and the air, therefore, suddenly rushing th 
tlio unprepared rima glottidis, causes vibration of the roeal cords, 
the peculiar sound. 

Coughing. — In the act of oonghing, there is most often first an in- 
spiration, and this is followed by an expiration; bnt when the Inngs hjre 
bocii filled by the preliminary inspiration, instead of the air bt-ing easily 
lot out again through the glottia, tlic latter is momentarily cloecd by the 
appn>ximation of the vocal corda, and then the abdominal musdes, 
strongly acting, push up the viscera against the diaphragm, and thus 
make pressure ou the uii- in the lungs until its tension In DufCcieut to 
bnret open noisily the vocal cords which oppose its outward itaaaage. In 
this way a conitid^'-rAble force is exercised, and mucus or any other mattif 
that may need espnlsion from the lungs or trachea ia quickly and sharply 
exiielled by the outitreaining current of air. 

Now it is evident on reference to the diagram (Fig. 161), that prwBitre 
exercised by the abdumiiml muscles in the act of coughing, acts u for- 
cibly ou the abdominal viscera as on tho lungs, inasmuch as the Tifiwn 
form the nii^iUum by which the upward preaenro on the diaphragm ii 
made, and of neoeeaity there is quite as great a tendency to the tjxpulaou 
of their contents as of the air in the lungs. The instinctive, and if 
necessarj', voluntarily increased contraction of the sphincters, however, 
prevents any escape at the openings guarded by them, and the preware ii 
effertivi? at one part only, namely, rhe rima glottidis. 

Sneezing. — Tlie same remarks that apply to coughing, are idma<l 
exactly api)licnble to the act of sneezing; but in this instance tho bhat 
of air, on escaping from the hitigtt, is directed, by an instinctive con- 
traction of the pillars of the fauces and descent of the soft palate, chiefiy 
through the nose, and any offending matter is thence expelled. 

Speaking. — In speaking, there is a voluntary expulsion of air through 
the glottis by means of the expiratory muscles; and the vocal conisare 
put, by the muscles of the larynx, in a projM>r position and state of tension 
for vibrating as the air passes over them, and thus producing sound. The 
sound is moulded into words by the tongue, t(>C'th, li])s, etc — the vocal 
cords producing the sound only, and having nothing to do with arikv- 
latiwi. 
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Singing. — Sinpng rcscmhloa apcaking in the manner of its produc- 
tion; tlie Inryngeal muselefi. Uy varimtsly altering the ]Kwitinn nnrl flcgree 
of toiisiori of the vocal cords, producing the tlifTerent notos. WoiiJa used 
in the act of singing are of courtic framed, iis in speuking, by the- tongue, 
tei'th, lips, etc. 

Soifling. — Sniffing is produced by a somewbiLt *piirk action of the 
diaphragm and otlior inajjiratory nmsclcB. The mouth is, however, cImwI, 
and by those means tlu- whole stream of air is made to enter by the 
noetriU. The ulse nasi are, i-onimouly, at the sainu time, iiiBtinctively 
dilated. 

Sobbing. — Sobbing consiKts in a serioB of convuleive inepirationH, at 
the numH'nt of whit-li tlie glottis is nsualiy more or less closed. 

Laughing. — Laughing is a series of short and rapid expirations. 

Yawning. — Ymvning is an act of inspiration, but is \mlike most of the 
prectiiing actions in being always more or less involuntary. It is attended 
by a stretching of various inui<(.-lert jdM)Ht the palate and lower jaw, which 
is probably analogous to the Btretching of the miiaolea of the limbs in 
which a weary man Hnds relief, as a voluntiiry act, whcTi thty have been 
some time out of action. Tlio iiivolunturj' and reflex character of yawn- 
ing depends probably on the fact that the nmsclee concerned are them- 
letves at all times more or less involuntary, and require, therefore, 
Bomolhing beyond the exerciflc of the will to set them in action. Fr>r 
the same reason, yawning, like sneezing, cannot be well performed 
voluntarily. 

Sucking. — Sucking- is not properly a rcspiratorj- net, hut it may Itc 
most conveniently considerwl in this place. It is causcHl chiefly by the 
depressor muscles of the ob liyoides. These, by dmwing downward and 
backward the tongue and floor of the mouth, prodnce .*» partial Tacnnm 
in the latter: and the weight of tho atmasph«re then acting on al! sides 
tends to produce equilibrium on the inside and outside of the mouth as 
iHWt it may. Tlie oonnnunination Iictweon the mouth and pharyn.i is 
completely shut off by tlie contraction of the pillars of the soft palate and 
descent of the hitter so as to touch the back of the tongue; and the equi- 
librium, therefore, can be restored only by the entrance of something 
through the mouth. Tht action, indeed, of the tongue an<i floor of tho 
mouth in sucking may bo compared to tliat of tho piston in a svringe, 
and th» mnacloa which pull down the oa hyoides and tongue, to the power 
which draws the Immllo. 

Influence of the Nervous System in Respiration.— Like all 
other functions of the bndy. the discharg^o of which is net-eissary to life, 
respiration must be eaentially an involuntary act. Else, life would be iu 
constant dangei * on the loss of con&ciouflnoss for a few 

momenta, aa it ac«M)U7 that respiration should bo 

to Bome extm IL For were it not so, it would 
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be itnpoesible to perform thoev vnlntiiary r&e|)inU«r)' acte which ham been 

just enurnvnitixl atid explained, as speaking. siiigiiiXr uihI tlie tike. 

The respiratory movementtj aiiU thplr rhythm, so fai' as tboy are iorol- 
untary ttitd inilepvudeut of consciouauesa (tut on all arduuuy ociaaions] vt 
under the governance of a nemttnlre in the wethUUi olfivnyatn carreepoml- 
injT with the ongin <if the piic<utni>gaiitnc nerves; that is to »uy, the motor 
nerr^a, and through them the roiiBcI«e concerned in the respiratory move- 
ments, are excited by a Btinnilns which issues from this part of the mit- 
outt system. How far ihe medulla Hct« outonuUiraUy, i.e., how far th» 
Btimulna originates in it, or liow far it is merely a nerve-centre for rt^*T 
action, is not certainly known. Probably, as will be Been, both evenU 
liii|i[H'ri; and, in both custii. the stimulus is the result of the condition of 
the blood. 

The respirator}' centre is biliiteral or double, since the reepiratory 
movementa continue after the medulla at this point h divided in the mid- 
dte line. 

Aa regards its supposed automatic action, it has been shown that if 
the spinal oord iie divided below the medulla, and both vagi be divided 
so that no alTercut impulses can ri'mh it from below, the nasal and larrn- 
geal respiration continues, and the only posBible course of the afferent im- 
pulses would be tluough the cranial nerveti: and when the cord and ma- 
dulla arc intact the divisiou of these produces no effect upon reepinticm, 
eo that it appears evident that the afferent stimuli are not aWlntelr 
nuceasary for maintaining the respiratory movements. But although so* 
tomatic in its action the respiratory centre may be reflexly eicited, and the 
chief channel cir this reflex influence is the vagus nerve; for when il» 
nerve of one aide is divided, respiration is slowed, and if both vagi be cut 
the respimtury action is still slower. 

The infiuenco of the vagus trunk upon it is twofold, for if the nerve 
be divided below the origin of the superior laryngeal branch and thecvu- 
tral end be stimulateil, respiratory movemeuta are increased in n^iiditv. 
and indeed follow one another so ijuickly if the stimali be increased in 
number, that after a time cetwiition of res}>iralion in inspiration folLo*B 
from Q tetanus of the reapimtory muscles (liiaphragm). Wbere:ts if lif 
superior luryngwil branch he divided, although no effect,*or acMcely uiy, 
follows the mere division, on stimulation of the central end respiration 
is slowed., and after a time, if the stimulus be incrca^od, ^topa, but not iii 
inspiration as in tlm other case, but in expiration. Thus the vagus tronk 
Contains fibres which slow and fibres which accelerate respiration, if we 
adopt the theory of a doubly acting respinitorj' centre in the floor of th* 
medulla, one tending to produce inspiration and the other expintiou, 
and acting in antagonism as it were, so that there la a gradual incresM ia 
the tendency to produce respiratory action, until it culrainatee in an in- 
spiratory effort, which is followed by a similar action of the expiratory 
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of tb« centre, producing an expiration, ve miiBt look upon the main 
trunk of the va^g as aiding the inspimtonr, and of the sttperior laryngeal 
at aiding the expiraton* prtrt of tlii> r«ntro, the finti nerve possibly in- 
hibiting the action of thcex])initory centre, whilst it aids the inspinitorr. 
and the latter nerve having the very opposite etfecl. Hut inanniuch as 
the respintiion is slowed on division of the vagi, and not quickened or 
affected manlfetrtly on simple divinon of the sn{>eriar laryugeal. it inuat 
be BUppoaed that the vagi tibree are always iu action, whereas the superior 

I laryngeal fibres are not. 
It Bppcan, however, that there are, in some auimals at all events, 
■nbordiiuite centres in the spinal cord which arc aVjlv. under certain con- 
ditioiu. to discharge the function of the chief meihiUary centre. 
Tlie centre in the medulla may bo infiucuced not only by afferent im- 
pnlseg proceetling along the vagus iiud laryngeal nerves but also by those 
g priH-einling from tlie cerebrum, as well as by iniprcEsions made upon the 
H Verres of the skin, or upon part of the fifth nerve distributed to the nasal 
• mucons membrane, or upon other sensory nerves, as is exemphtied by 
the deep Inspiration which follows the application of cold to the surface 
of the dcin, and by the sneezing which follows the slightest irritation of 
the nasal mnconi membrane. 

At the time of birth, the separation of the placenta, and the conae- 

^uent non-oxygenatiun of the fatal h\<Mxi, are the eircumctance* which 
uumediat«ly trad to the issue of autcmitLic imi)uli<«(i tu action from the 
respiratory centre in the medulla oblongata. Itnt the tjuickened action 
which ensnes on the application of cohl air ur water, or other sudden 
stimulus, to the ttkin, shows well the intimate connection which exists 
beCwreen this centre and other parts which are not ordiiuu'ily connected 
^_ with the function ut respiration. 

^L Methods of Stimulation of the Respiratory Centre.— It is now 

^BlMeaBary to consider the method by which the centre or centres ua' stim- 
'^idflted themselves, as well as the manner in which the afferent vagi 
l^^inpalfes are produced. 

^v The more venous (he blood, the more marked are the inspiratory im- 
^Ppolaea, and if the air in prevented from entering the nhest, tii anhnrt time 
^r the mpiration becomes very labored. Ite cessation is followed liy an 
abnormal rapidity of the inspiratory acta, wliieli make up even in depth 
for the previous stoppage. The condition cuuscd by obetruotion to the 
entrance of air, or by any circumstance by which the oxygen of the blood 
ia naed up in an abnormally quick manner, is known as iti/itp»cea, and as 
the aeration of the blood becomes more and more intorfere«^ with, not 
only are the ordinary respiratory museica employed, but ab» those extra- 
ordinary muHcles which have been previously enumerated (p. 186), so that 
as the blood becomes more anri more venous the action of the medullary 
. centre becomes more and more active. The question arisca as to what 
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coiulitiou of the venoas blxK) causes ihLa increased actiritj.', vbetber it 
18 (]ue to deficicncr of oxygen or cxocsb of corbooic aoid in the blood. 
This has been aitswereU by the experimeuts, which sliow on the one hand 
thui (tyspnum occurs when there in no obetruction to the exit uf carboiut- 
uciil, as when an animal ia jiUce*! in an atmosphere of uttrogeu. au^ 
therefore cannot be duo to the occnmulation -of carl>onic acid, and ax- 
ondly, that if plenty of oxj-gon be supplied, dyspnea proper does lot 
occur, although the nirlioTiic acic] of the hlood is in excess. The raipu^ 
atory centre itt ex'idently stimulated to action by the absence of sutficicBt 
oxygen in tht; blood circulating in it. 

The method by whirh t)ie vuguo ia stimulated to conduct affa«iitin> 
pulses. iuHucnciug tlic action of the respiraLnry ccutre. oppean to be br 
the venous blood circulating in the lungs, or us some say by the coudititu 
of the air in tlie pulmonar}'alTeoli. And if oitlier of theae lie the stimuli 
it will be evident that as the condition of venous blood stimulate* lh# 
peripheriLl endings of the vaguA in the lungs, the vagus action which letiti) 
to lielp on tlie discharge of inspiratory impulses from the centre, 
tend aluo tu increase the activity of the centre, when the blood i: 
lungs becomes more and more venous. No doubt the venous oondi^oii 
of the biuod will affect all the seiuwry nen'es in a simitar maimer, bat il 
has been shown that the circulation of too little blood through tbf 
centre is quite BuSicient by itself for the purpose; as when its blood sup- 
ply is cut off incr(?a»ed iiisiiiratory actiuna cusue. 

Effects of Vitiated Air. — Ventilation.— We hare fteen that the 
oir expin-ri from the lungs coiitaiiiw a large proportion of carbonic Mid 
and a miuutc amount of organic putrcsciblc matter. 

Hence it is obvious that if the same air be breuthcd again and ngoin. 
the proportiou of carbonic acid and orgunio matter will constantly incresft- 
till fatal results are produced; but lung before this point is roodirJ. 
uueaey sensations occur, such as heudacho, languor, and a sense of tippm- 
sion. It is a remarkable fact that the organism after a tiuiu adapts iticl! 
to such a vitiated atmosphere, and that a person soon cornea to brcatlw. 
without sensible incorivenionce, on atmosphere which, vhen he 6r*t 
entered it, fell intolerable. Such an ailaptaiion, however, can only tak« 
plara at the cx|Hmso of a depression of all the vital funclioiis, which muti 
bo injtiriouB if long continued or often rejieated. 

This power of a<laptation ia well illnstrated by the expeximents ol 
Claude Btfrimrd. A sparrow is placed under a bell-glass of such a biic 
that it will live for three hours. If now at the end of the second boor 
(when it could have survived anotlmr hour) it be taken out and a fresh 
healthy sparnnv introduced, the latter will wrisli instantly. 

The adapttitinu above simkeii of is a gratnial and oontiuaoos one: thtu 
a bird whicfi will livf one hour in ii pint of air will live three hours 
two pints; and if two birds uf the sauio s])ecies, age, and size, be pi, 
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I ft qnantitr of atr in which either, ecpAratelv, would survive tUro* 
mt%, they will uut live l| hour, but oul; 1} hour. 

From what has l)een siiil it must he pYiilcnt that provision for a con- 
AUt und plentiful supply of fivsh air, and the removal of that which is 
itiated. is of far grtjutur importanco than the actual cubic space per head 
|Monpauta. Not liws than "^DOO cubic feet per hewl uhonld W allowed 
Popping apnrtnieuts (harra^-kn, hot^itals, etc.), and with thia oliow- 
loe the air caa only be maintained at the proper standard of purity by 
ich a •jstem of veutilHtiuii us provides for the supply of 1600 to 2000 
ibic feet of fresh air per head per hour. (Parkce.) 

The Effect op Respiration on the Circdlation. 

Inasmuch as the heart ami great vessels are situated in the air-tight 
lorax, tboy are exposed to a certain alteration uf pressure when the 
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>«tuanUtplbor«x-l. tiicitviruM rvm: iC duriu Iwplriaoii: a, raMnwnta Uw dlapluiwin 
M r ri a r ed; O" whea ormtr«ct«l <U mit»t bn remwuhgwd thJ thtiipodlli»l»»riw«»illltrw). i. ».. 
HBUMcapadtrotUwUKinxtornterKTO: h. Ibe bowt: t, ttM rav mucins It. and a, Um aorta: 
,U.M«ritMHidMtliniK-. T. Uk irm^bt^: N. mercurUinanonMtvrlBeMiiMetlcNiwMUwpipafm. 
» i B LTT — i I* Ui0 capadiT of (bp Uut n-pmpnUnR Uic thorax k wra to dllaie Ibe beait h mU ■■ 
t tunc". MmI f> U> T>utn|i in liWid Ihniucli *. whrrnui Ihr valTv prvrcnla MIfx tbrough a. Ite 
•llh««f '!« niemtiy Id m ihuwn •!■■) Uw ■wrtlon wliivh Is t>UBir placv. (lADduilB.1 

^ncity of the latter is iiicreiiaed; for although the expansion of tho 
jiga dnring inspiration tends to countorbalatute thit) increiiM* of area, it 
iTer quite does so. since part of the pnisBaro of the air which is drawn 
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iuto the chest through the tracho-a is expended In orercoming the eli*- 
ticity of the lungs ihemselTetL The amonnt thus used up JncraaMCAi 
the lungs bocomc more and more expanded, eo that the pressure iiuid^ 
the thorax during inspiration an tar iw the heart and great vessels are can- 
cernedj never tjuiu) ef|u»1t! thiit outside, itnd at the concluaion of men- 
tion is considerably Ic&s ihnu the atmospheric pressure. It has been oicn- 
taiiied that the amount ul the pressiurc used up in the way above descrlM, 
varies from 5 or T mm. of mercury during the pause, and \o 30 mm. uf 
mercury when the lungs are expanded at the end oC a deep iuspiraiiou, 
so that it will be uuderstood that t lie jiressure to which the heart au>i 
great vesaela are subjected diminishes as inspiration progresses. It will - 
ho understood from the accompanying diagram how. if there vere no I 
lungs in the chest, hut if its capacity were incroflseil, the effect of thi> 
inereuBe would be cxpeiuled in pumping blood into the heart from tbu 
veins, hut even with the lungs placed as they are, during insjurolion tliu 
presfluro outside tlie heart and great vessels is diniinishod, and they liave 
tburefure a tendency to exixuid and to diminish the intra-Tascidar pres- 
sure. The diminution of pressure within the veins pasaing to the hgU 
auricle and within the right auricle itself, will draw the blood lulo tlie 
thorax, and so assist the circulation: this suction action aiiling, t|ioujj}i 
indeiHindently, the suction power of the diastole of the auricle abfwt 
which wo have previously epoken (p. 124). The effect of sucking more 
hloud into Llie right auricle will, cwieris )}aribwi, lucreBSo the anxtnnt 
passing througli the right ventricle, which a]si> exerts a similar ntction 
action, and through the lungs iuto the left auricle and ventricle and tlms 
into the aorta, and this tends to increase the arterial tension. The i^lTtvt 
of the diminished iiressure iipon the pulmonary VMseU will also help 
toward the same end, i.e., an incrcajwd flow through the lunga, so that a» 
far nj) the heart and its veins are coiicDrnod inspiration increased the hloud 
pressure in the arteries. Tlie effect of inspiration upon the aorta and its 
hranchea witliin ttie thorax would he, however, contrary; for as du 
pressaro outside is diminished the vessels would tend to expand, and thu 
to diminish the tension of the blood within them, hut innamuch as tlie 
largB arteries are capable of littk- expansion beyond their natural calibre. 
the diminution of the arterial temiion caused by this means would be in- 
sufficient to counteract the increase of arterial tension produceil by ihf 
effect of inspiratinti upon the veins of the chest, and the bahuice of liie 
whole action would be in favor of an increuM of arterial tension during 
the inspiratory period. But if a tracing of the variation be takt>n at tho ■ 
same lime that tlm resjiiratory movements are recorded, it Trill V- found ' 
that, althougli speaking generally, the ai'tcrial tension is increased during 
inspiration, tho nuiximum of arterial tension docs not corrcBpond with 
the acme of inspiration (I'^ig. 10-1). 

As regards the effect of expiratiou, thecupoeity of the ebostis dimin- 
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aiid tlie mtra-thontcic pressure returns to the normal, which U 
not exactly equal to the atmospheric, pressure. The effect of thin on the 
Teina is to iiicreiise their intra- vascular prefwiire, anfl bo to diminish the 
flow of blood into the left eiile of thfl heart, aiiii wilh it the arturial teu- 
sion, but this ia ainioat exactly balanced by the necessary inoreaso of 
arterial tension caused by the increaso of ihy extra- vasoular pveesoro of 
the aorta arid hirge artyrifP. bo lliat the arterial tcneion is not much 
affected duriug oipiration either way. Thus, ordinary expiration does 



Fm, Itt— Ooinpvlaimof blood-prMnirecurTvwttticurveof laiTK-UicnKteprtninirv. CTolwrMd 
ftwnlcft tortcht.l o to« riiri>- nf t1<xi]-|irt«Hiftt wllhUanwplrMorrarululkliiitu. Uif? ■lowin' lit«ta 
ud Ui» d«atwm twlug vwy "uirkvil: b laUiecurvvor iDtKi-tboridc uromuv nljtalunl br cotuwcUDC 
otic limb ot sinAnoniWrr irltli tfii> pli-iirklcavltr. InaplraUon Ih-kIiii at t anil r-iiilmllini nt r. 11i« 
linr«^ar»ol^prewun.'TfaM wr} rn|ildJy afMff the o<nMilon <>f tbi> lii>|nii-Hi'jr>' .-a-in. *u'] ilu-nidow- 

ataiia mm 0» olr Inmnt trvia tbo cIumIi at Uw bt^liliiilnf at the kiaptialury i-lTurt tlic (tJS boOMUM 
on rapid. iH. TvtUr.) 

not produce a distinct obeiruction to the circulation, as even when tho 
expiration is at au eud tho iutra-thuracic pretsaurg ia less than the e^^tra- 
thoracio, -^ 

The effect of violmt oipiratory efforts, however, haa a distinct action 
in preventing the current of blood through tho hings. as seen in the 
bluonc^ of thn fact? from conj^oxtioii in fitmLniTig; this condition being 
prodaced by preseure on the emntl pulmonary vessels. 

Wo may Bummarjze this mecliauical elTvct, thcrcfyre, and say tlmt in- 
spiration nida the cirunlatiou and so increases the arterial tension, and 
that althongh cxi)iration does not materially aid the circuhition, yet under 
ordinary conditiona neither docs it obstruct. Under extraordinary con- 
ditions, aft in violent expirations, tho circulation is decidedly obatnicted. 
But we have seen that there is no exact correai>ondence between the 
points of extreme arterial tension and the end of inspiration, and wo must 
look to the nerrous system for au explanation of this apparently contra- 
dictory result. 

Tho effect of the nenrons gyatem in producing a rhythmical alteration 
of tho bloorl jiressnre is twofold. In the first place the eardw'inhibitory 
antra ia believed to be stimulated during the fall of blood pressure, pro- 
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(lucing u slower rute of heart-beala during exjiirution, which will be 
noticed iu Uiq tmciug (Fig. \6'.i), the uudiilutioue during the doclitieof 
blofid-pre^ure being louger hnt tees frequent. This effect disappun 
when, by acction of the vagi, the effect of the centre is cut off from the 
heart. In the second place, the vaso-motor centre is also believed to send 
out rhythmicut ini]iulfieA, by wliieh iiiulnlationa of bloutl pnibsure art) pn>> 
duced iudtipundeiitly of the mccluwical eftocts of reepinition. 
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TJo. 161. -Tt»ubo-H(>rlnif'B ciirvT^n. iTn l*- ivnil f n-iin If fl 1^ rfctit.) Thr ciir 

Uiat llio fc-v.'tttl oirv.'H n-pri-s-'iit MiK-n-ivivr- Miit-'Vril fi\i- sum'' tTCin'ritm-nf. Ktu^currr Is tdftcrJl. 

tl* Jirapvr IK milii 111 rvlutfvr r-> (lu'luiM- Idii-. n liJrh <■ ii7niltt^l: th«- lit 1 jil immH r1v« Ib Stacwftmi 

1, tOl.a.Ui'J 4, liiil fnlLn n^aln In itAi;.'?> {\jrvi> [ l<i tAkL'n trom a pi-rVix] wiMdi ArtUlctel rrs|4rallK 
iraB brloc knjl «]•- '"1^ I'"' ''>>H l>n< lii^ bci-n <tlilcln1. tile injlNitli>tJH >iti tW UMratlLBil ilww iim of Uu* 
unclulatloni'iConot cljfl.r: whi-n artindnl ri-fltrtraUonn-anTi^ Cb'-w-uiuliiUtlonKfnrA whtl>-<1inAi>t>i^*l*d, 
anil lln- liI-".l-|in'H»iiiT r"^- nlt-mHly n-lii]r the hwirt-litvltn N-riuui- i>liiu-«r Siir.'n, an nt 9, nrw aS' 
(luIiiU(>ii> unH-iiri-il : n liitJc- talcr. tlic-hlixMl-prrwiirc ivmi kUII rliiiii;, ili'- tirart'iH'aiii Htfll mliiwrr, IM 

thr iiti.rlt(liiUiiii> nUll cii-iin' iiliviiiiiH i}|i: nlJU Inirr i 4V tJio imiiMtn^ wan stilt hlKhrr, bin IIib lWiBn-b«lB 
lr«tvi|iilL-k<fT. nml Ibi.- uiiilukttuiiK itntt<-r. Uic iirvssuru Cti<.-iJ Wku" >u foil mpliiljr tfi), and miilhin*! 
to foil uiilil wiiK' Uiiii-- atu-r iu'CIIIi'IaI rc^jilralloii v-iu nviiiin-d. (M. Fiotc'.} 

The action of the vaeo-motor centre in taking part in prodnciog 
Thythmical changeB of blood-preesure which are called respiratory, b 
ahown in the following way: — In an anininl under the inftnence of nrari, 
reconi of wliose blood-pressure is being taken, and where artificial re«pi- 
ratloti has been etoppod. and bnth vagi cut, the blood -pressure curve riau 
at Bret almost in a stmiglit line: but after a linu-> new rhythmical nndula- 
tiuuii occur Very like thu original retspirutory uudulatiuuu, only somewbat 
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These are called Traube'$ or 7Vaube-Hering's enntr. They coa- 
ine whilat the blood-preesure continue* to rise, and only cease when the 
^TMO>motor centre and the heart are exhausted, when the prcaanro speedily 

falls. Those currcs must be dependent upon the To^o-motor centre, aa 
Lthe mechanical elTecte of respirution have been fliminated by the |>nttion 
rand by tbe cessation of artificial respiration, and che etTect of the cardicK 

inhibitory centre be the division of the vagi. It may be presumed Ihere- 
.iuru that the vasa-inotor centre, va well as the curdio-iuhibitory, muat be 

cotuidered to take part iv-ith the mecbuuical clmngcs of iuspirutlou and 
[»xpinitiou in producing the so-called respiratory' uuduiatione of blood- 
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nf-Sfokei^s breathing. — This is a rhythmical irregularity in res|ii- 

limtions which hiu been observed in various diseaties^ ami is esjiecially cuii- 

<d with fatty degeneraiiou of the heart. Respiratiuns occur in groups, 

the hc^inninj; of Moh group the ingpirations are very sbatlow, but each 

ivc breath is deeper than tlie preceding until a climax is readied, 

comes in a prolonged sighing expiration, succeeded by a pause, after 

hioh the next group begins. 

As blood which contains a normal proportion of oxygen excites the 
ncpiratorj centre (p. :i04), and as tUe excitement and consequent reepir- 
slory muscular movements are greater {dtfepnaa) iu proportion to the 
deficiency of this gas, so an abnormally large proportion of oxygen in the 
leads to diminished breathing movements, and, if tlie proportion be 
enough, to their temiwrarv ccjisation. Thiit condition of absence of 
.thing is termed apnaa,* and it can be demonntratcd, in one of the 
animals, by performing artiGcial respiration to the extent of satura- 
ting the blood with oxygen. 

When, on ilie other hand, the resjHration is stopped, by, e.g., 
interference with the pui»age of air to the lungs, or by supplying air 
d«Toid of oxygen, a condition ensues, which passes rapidly from the state 
of d^npntra (difficult breathing) to what is termed asphyxia; and the 
Utter quickly ^wU in death. 

The ways by which this condition of asphyxia may bo produced ara 
numerous: as, for example, by the prevention of the due entr}- of 
n into the blood, either by direct obstruction of ihe trachea or other 
part of the respirator^' passages, or by introducing instend of ordinary air 
a gas devoid of oxygen, or. again, by interference with the due inter- 
change of ga»« between the air and the blood. 

Symptoms of Asphyxia.— The most evident symptoms of asphyxia 
or suffocation arc well known. Violent action of the respiratory muscles 

' This wrm has been. unfortunaMy. ollwn spplfwl to conditions of ivwpnmt or 
AipAfJMi/but ibc modern iipplh-»Uo« of tlie icnu. aaiii tbe text, is the more coDTeDlent. 
Vol. 1,-14. 
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and. more or ]css. of all tliG itmBcles of the body; liriditv of the skin and 
all u^ther TBEcuIar pnrts. while the voins ore also distended, aud tbe tUHiei 
seem gouerally gorgt'd with blood; c-onvnlsious, quickly followed by in- 
senaibiiity, and d^tli. 

The conditions which nccorapany these symptomB are — 

(1) More or less interference irith the posaoge of the blood throogh 
the puhiionary liloiKi-veesels. 

(i) Accumuluttou of blood in the right side of the heart and in Uie 
Bystemio veins. 

(3) C'irculation of impure (non-af-rated) blood in all parte of the bodj. 

Cause of Death from Asphyxia. — The Liaises of tlieee conditioni 
and tilt- manner in which they act, go ag to be inoompatible with life, mii 
he here briefly considered. 

(1) The obetruction to the passage of blood through the Inngs is not 
BO great, us it was once supposed to be; and such m there i& occurs chiedT 
in tlio later stages of osphysia, wliun, by the violent and eonvulftivewiioii 
of the expiratory lunsclos, prcgaure is indirectly niado on the Innge. uid 
the circulutioit through them is prop<ji'lionately interfered with. 

i'i) Aocuuiulutiou of blood, with consequent disteosiou of the right 
side of the heart and systemic veins, is thtf lUrect result, at lea«t in part, 
of the obatruplion to the pnlmonary circulation just referred to. Other 
cansca, however, are in opL'nilii>n. [n) The vaeo-motor centres atimn- 
lated by hlood deficient in oxygen, causes contraction of all the small 
arterioB with increase of arterial tension, and as an immediate conse- 
quence the Gllitig of the syt^temie v^inti. {b) The inercaced arterial ten- 
eion IB followed by inhibition of the action of the heart, and, thus, the 
latter, contracting less freqitently, and gradually enfeebled also by d«S* 
cient tiiipply of oxygen, becotneg oror-diBtended by blood which it cannnt 
expel. At this stage the left as well as the right cavities are distendod 
with blood. 

The ill effects of these conditions are to be looked for ijartly in the he«t, 
the mnscnlar (lbre« of whii^h, like thoac of the urinary bladder or any 
other hollow mnecnlar organ, may be paralyzed by over-stretching; and 
partly in the venous congvBtJon, and consequent interference with tli* 
functi'iii of the liigher nerve-centres, especially the medulla oblongata. 

(3) The passage of non-aerated blood through the lungs and ita dis- 
tribution over the body are events incompatible with life, in one of the 
higher animnls, for more than n few minnttsa; the rapidity with which J 
death enwios in iu?phyxia being due, more particularly, to the effect d^ 
non-oxygenized blood on the medulla oblongata, and, through the ntnh 
nary arteries. "U the muscular flubetance of the heart. The exritnbility^ 
of both nervous and muscular tissue is de]i«ndent on a constant and lar 
supply of oxygen, and. when this in interfered with, is rapidly loet. 
diminutrun of oxygen, it may be here remarked, ha* a more direct ii 
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fluonce in the proiluction of the asa&l symptoniB of nsphyxia than the 

incrcaBcd amount of carbonic acid. Indeed, the fatii.1 effect of u gmiluivl 
accumulation of ihe lutLer in the blood, if a due uupply of oxygen be 
maiutaiued, reet^uiblee riitliur that of a narcotic poison. 

In aomc experiments performed by a committee appointed by the 
Medico-Cbinirgica] Society to invcBtigiite the subject of Sttufpended Ani- 
mniiori, it was found that, in the dog. during simple aaphyxiH, i.e., by 
simple privation of air. iw by phigging the trachea, tne avonigo duration 
of ibe respiminry inovonienU after the animal had been deprived of air, 
was 4 minutes fl scmnds; the cxtremea being 3 minutes 30 seconds, and 
4 minnies 40 secmirij!. The average duration of the liearfa action, on the 
other hand, wag 7 minntea 11 tteconds; the extremes being G minutes 40 
seconds, und i minutes 45 s&couds. It would i^oem, therofpro, that on 
au average, the lit^art's action eontinues for 3 minutest 15 ttPi-'<^nds after the 
anlm-il lias cciiiicd to make refii)iratory cfToriH. A very similar i-plation 
WHS nbi!4>rvod in the nibhit. Recovery never took place aftrr tlve liyart'a 
action hiul ceased. 

The rcsultn obtained by the committee on the subject of Hrowning 
■were very remarkable, especially in this reHjHJct, tluit wherwis an animal 
may rei-uver, after niniple deprivation of air for nearly four rninureH, vel. 
after tiubmeraion in water for \\ minute, recovery seems to \ye im].io(wilble. 
This remarkable difference was found to be due, not to the mere submer- 
sion, nor directly to the Rtniggles of the animfti, nor to depression of tem- 
perature, bnt to the two fact^, that in drowning, a free passage is allowed 
to air out of the lungs, and a free entrance of water mto them. It is 
probably to the entraneo of water into the lungs that the speedy death in 
drowning is mainly due. The results of mst-mortfm exaniinntion strongly 
support, this view. On examining; the lungs of animals deprived of air 
by plugging the trachea, tbey were found wmply congested; but in the 
animals drowned, not only was the congestion much more inteiise, accom- 
panied with ecchymosed iwints on the surface and in the substance of 
the lung, bnt the air tubes were completely choked up wiih a ^anions 
foam, consisting of blood, water, and mucus, churned up with the air in 
the Inngs by the respiratory efforts of the animal. The lung-8lal«tance, 
too, appeared to be saturated and Ro<!den with water, which, stained 
slightly with bloc>d, poured ont at any point where a section was made. 
Tlie Inng thus sodden with water was he«vy (though it floated), doughy, 
jiitted on pressure, and wa« incapable of collapsing. It h not difficult to 
nndenitand how, by such infraction of the tube*, air is debarreil from 
reaching the pulmonary cells; indeed the inability of the lungs to collapse 
on o|)eniug the chest is a proof of the obstractiou which the froth occu* 
pyiug the air-tubes offers to the transit of air. 

We murt carefully distinguish the asphyxiating effect of an insuffi- 
cient supply of oxygen from the directly poisonous action of snch a gas 
as carbonic oxide, which is present to a considerahle amount in common 
coal-gas. The fatal effects often produt-ed by this gaa (as in aocidenta 
from burning charcoal stoves in small, dose rooms), are due to its entor- 
iug into cumbinaticm with the humoglobiii of the blood-eorpueoles 
(p. 95), and thus ex]5el]ing the oxygen. 




CHAPTER VII. 



FOOD. 

Ix order that life may be maintaiiipcl it is necessary that tbe bodr 
should be supplied with food in proper quality and quantity. 

The food tuken iu by the anlnial body is used Cor the purpoee of r^ 
plftcing ihe wa«te of th« tiKttues. And to iixrive at a reuMiiuble eAtimsH^n 
of the proper diet in twenty-fom- hours it is necessarr to consider tht 
amount of the excreta daily eliminated from the body. The excreta con- 
tain chicHy curhon, hydrogen, oxygen, and nitrogen, but also to a ks 
extent, aulphui-, pliosphonis, chlorine, potaGsinm, Bodium, and cenaiD 
other of the elements. .Since this is the case it must be evident tfaat>to 
balance this wuste, foods must be supplied containing all these elementi 
to a certain degrue, and some of them, viz., those which take the pri&- 
cipal part in forming the excreta, in large amount. We have *een in \h» 
last Chapter that carbonic acid and anunonia, i.f., the elements carUn, 
oxygen, nitrc^n, hydrogen, are given oft from the Inngs. By the eici*- 
tion of the kidnej-s — the urine — many elements are discharged from ih* 
blond, especially nitrogen, hydrogen, and oxygen. In the sweat, the ele- 
ments chiefly rcpresGiited are carbon, hydrogen, and oxygen, and also in 
thn faMjee. By all the excretions large quantities of water are got rid oi 
daily, hut chiefly by the urine. 

Tho relations between the amounts of the chief elements coutsiw<i 
in these various excreta in twenty-four hours may be represented in th# 
following way (Landois): 
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Water. 


C. 


H. 


W. 





By the lungs . 
Ily the skin 
Ky the uriiu- . 
By the fwces . 


. 330 

. 660 
. 1700 
. 128 


348-8 
8.6 
9-8 
20- 


8-8 

3- 


f 

15-8 
3- 


651.16 
7-8 
IM 
13 


Onunmes • 


• Z818 


281-2 


6-8 


18*8 


681 -41 



To this should be added 290' grammes water, which are produceil by 
the imion of hydrogen and oxygen in the body during the process of oxi- 
dation {i.e., 38-89 hydrogen and 263.41 oxygen). There are twenty-iix 
grammes of salts got rid of by the unne and six bj the ftec««. As iha 
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vat«r can be BU]>pIiod as stich, the louee of carbon, nitrogen, and oxygen 
are those to which we Rhotild direct our attention in supplying food. 

For the sake of example, we may now take only two element*, carbon 
and nitrogen^ and, if we discover what amoimt of these is respectively dis- 
charges! in a given time from the body, wo ahall be in a position to judge 
what kind of food will motit readily and economically replace their 1ob6. 

The quantity of vurtou daily toat from the body amounts to about 
281-2 grammes or nearly 4,oUO grains, and of nitrogen IB '8 grammes or 
nearly 300 grains; and if a man could be fed by these elements, aa such, 
the problem would be a very Bimplo one; a corresponding weight of 
charcoal, and, allowing fur the oxygen in it, of atmocipherio air, would be 
oil that ia necessary. Bui an animal can live only upon these clomenta 
when they ore lumnged in a particular manner with others, in the form 
of an organic) compound, as albumen, titaruh, and the like; and the rela- 
tive proportion of carbon to nitrogen in either of these compounds aloue, 
18, by no means, the proportion required in the diet of man. Thus, in 
albumen, the proportion of carbon to nitrogen is only as 3-5 to 1. If, 
therefore, a man took into his body, as food, sufilcient albumen to supply 
him with the noedful amount of carbon, ho would receive more than four 
times as much nitrogen m he wanted; and if ho took only euflicient to 
supply him with nitrogen, he would be atarved for want of carbon. It is 
plain, therefore, that he should take with the albuminous part of hia 
food, which contains so large a relative amount of nitrogen in proportion 
to the carbon lie needs, gubstaneea in which the nitrogen exists in much 
smaller nutuiiitiea relatively to the carbon. 

It is therefore evident that the diet mnst comdst of several snbstancea, 
not of one alone, and we must therefore turn to the avitilable food-stuffs. 
For the «ake of convenience they may be claseitied as follows: 

A. Oroaxic. 

I- Nitrogfenous, consisting of Prohids, e.g, albnmen, caaein, syu- 
toiiin, gluten, leguniiii and their alUes; and OehtHns, which in- 
clude gelatin, elastin, and choudrin. All of these contain car- 
■ bon, hydrogen, oxygen, and nitrogen, and some in addition, 
phoRjihnnie and *iilphiir. * 

II. Non-Nitrogenous, cu ni prising: 

(l.) AintflviU ur saccharine badits, chemically known as carbo- 
hydrates, aiiice tliey contain carbon, liydrogen, and oxygon, with 
the last two elements In tlie proportion to form water, «'.«., 
H,0. To this claes belong etiirch and eugai'. 
Oils and fats. — These contain carbon, hydrogen, and oxy- 
gen; but the oxygen is less in amouut than in the amyloids and 
saccharine bodies. 

B. IXOROANIC. 

T. Mineral and saline matter. 
II. Water. 
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To supply the loss of nitrogen and carbon, it is fotmd b; DX|)eri4>Qoe 
that it is iiucessar}' to combiue itubstutices whicti contain a Urge amuutit 
of nitrojiteii with others in which carbon is in ooueidcrablt) amount; imd 
although, without donbt, if it were possible to relish and digest oiie it 
othtTof the abo%'C'-mcntirincfI proteids when combined with a due ijoaoiitT 
of an amyloid m fiujiplj tlie carbon, Huch a diet, together with salt wij 
unter, ought to support life; yet we find that for tho porpoMiS of ordimur 
life this syfitcm does not answer, and instead of confining our iiitrogi'iiotis 
foods to one viirioly of substanoe we obtain it in a large number of allitif 
subetauceB, for exanipk-. in flesh, of bird, bcaitt, or fish; in eggs; inmitk; 
and in vegetables. And, again, we are not content with one kind of ma- 
terial to supply tlte carbon necessary for maintaining life, but seek luore. 
in bread, in fats, in re^etablee, in fruits. Again, tlie fluid diet is aeldoiu 
supplied in the form of pure wator. but in beer, in wines, in tea and eof- 
fee, as well as in frtiits and succulent vegetables. 

Man re(|nires that hie fooil should be conked. Very few orgaiucnil>- 
stances can be properly digested without previous ex|»eure to heat lati 
to other manipiilntionB which constitute tho proeoes of cooking. It irill 
lx> well, therefore, tu consider the composition of the various snbstanns 
employed as food, and then to consider how they are affected by cooking. 
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A. Foods containino principally Nitbooenocs bodies. 

I. — /7mA of Aniniah, especially of the oi (beef, veal), sheep (inutwn, 
knih), pig {pork, bacon, ham). 

Of these, beef is richest iu nitrogenous matters, containing about :iO 
per cent., whereas mutton contains about 18 per oonL, veal, ]<i-5, and 
pork, 10; the flesh is also firmer, more siitisfving, and is suppoeed lo le 
more strengthening than multou, wiiureufi the latter is m6re digeetilile- 
The flesh of young animals, such as Umli and veal, is le«8 digestible cd^ 
less nutritious. Pork is comparatively indigestible, and contains a Ur^ 
amount of fat. 

Flesh contains: — (l)Nitrogenouabo(IieB: mpoMn, senim^albumin, gtb- 
fin (from the interstitial fibrous eonnoctivo tissue) ; t>in.'tin (from the elastic 
tissue), as well as hwnwghbin. (2) Fatty matters, including lecithin iind 
ehotfjtterin. (3) Kxtractivu niattere, souu; of which are ligroeable toths J 
palate, e.ff.. oemaiomc, and others which are weakly stimulating, Ry., 
krmtin. Besides, there are tarcoiaetic nnd hiofttic acids, laitrin, xantMn, 
ami others. (4) 8aUs, chiefly of potassium, calcium, and magnesiiini. 
(5) Water, the amount of which varies from 15 per cent, iu dried bacoB 
to ;tO in ]>ork, 51 to 53 in fat beef and mutton, to 73 por cent, in U-jlHi 
beef and mutton. (6) A certain amount of cRrbo-hydmle material ii 
found in the flesh of yonnp aniniialH. in the form of inosiie, dextrin, ^rapi 
ntpar, and (in young animals) glyrogen. 
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I ^f Ptr-eentoffe CtimpQniioJi of Beef, Mution, Pork, and Veal. 
{Letheby.) 

Water. Altitimen. F»t, Sftlta. 
Beef. — Loan . 

Uatton, — LeoD 

Fat 
Veal 
Pork.— Fat . 

Together with the fl«ah of the above- mentioned animals, that of the 
d*rr, hart, rabbit, and birds, couatitiiting venison, ffonie and pnuffri/, 
ahoald be added m Utking part in th« Biipply of nitrojrenoiis snibstances, 
■nd aXaofijih — salmon, eels. etc. and aheii-Jiah, e.g., lobatcr, cmb, mueaeK 
t, abrimpe, scollop, cooklt^a, etc. 



f^ble of Per-c*ntag9 Campoxifion of Poultry and FS»h. — {Leththy.) 

Water. Albumen, PaW, SaliU. 

Pottltry 74 ai 3-« 13 

(Singularly deroid of (at, and 80 generally eat«n with baoon or pork.) 



White Fiah . 

Salmon 

Eela (very rich in fat) 

Oy8t«r8 



78 181 3-9 

77 16.1 6-6 

76 9-9 13-8 

75-74 11-73 3-43 



Even noT the list of ficfthy foods is not coTnpletc. h& nearly ult unimaiR 
^Tiave been occamonally eaten, and we may preaume that the average com- 
pocdtion of all is nearly the same. 

I 11. iViVit-— la iutondod ae the entire food of young animals, and as 
'fDch c-ontains, when pure, all the elements of n typical diet (O Albu- 
minoos subetauces in the form of catein and, in small amonnt. of serum- 
albumin. {'I) KatR in the cream. (3) Carbo-hydrates in the form of 
brr/ow or miUc sngar. (4) Salta, chiefly caieium phosphate; and (5) 
Water. From it we obtain (a) rhftst, which is the casein precipitated 
with more or Iom fat nrrordinf; hb the chpesc is made of skim milk (skim 
cheese), of fresh milk with its rn-am (Cheddar and t'heshirc), or of fresh 
milk plus cream (Stilton and double Cloiicester). The precipitated casein 
ii allowed to ripen, by which |irocc«B some of the albumen '\& split ii p with 
(onnation of fat. {ff) Cream, which conaista of tho fatty globules in- 
c«ae«l in cawiu, and which being of low speciflc gravity flout to the ntrfaco. 
{y) liultfr. orthefattymatterdepriredof it^ casein envelope by the proc«w 
of chnming. {6) liutttrmilic, or the Huid obtained from cream after 




fl6 



HAWD-BOOK OF PHTSIOLOGT. 



butter hu been formed; very rich therefore in nitrogen. (<) Whey, or I 
the (luid whicli reniuiue after the prccipitution of caaein; this contains 
sugar, salt, and a small quantity of albumen. 

3bAfo of ComposiHon of Milk. Buifennilk, Cream, and Che«9e. — {Lttii*- 

by and Paym.) 





Nitrogenous -g.. 
mftttcrs. '^^• 


L«CtOM. 


8«lts. Wattr. 


Milk (Cow) 


. 4-1 


3-9 


5.2 


■8 86 


Buttermilk 


. 4-1 


•7 


6-4 


-8 88 


Creem 


. 2-7 


26-7 


a-8 


1-8 M 


Cheese. — Skim . 


. 44-8 


6-3 


— 


4-9 44 


" Cheddar 


. 28-4 


31 1 


■ — 


4.5 36 






Nod nilrosenoiu 






nuutnr anil losa 



NeufchRtel (fresh) 8- 4071 36-68 -61 36.58 



ni. Eggs. — The yelk and albumen of eggs are in the eame reUtioa ai 
food fur tht) eiubryoes of oviparom uninmls that milk ia to the joangof 
mamm&lia, and afford another example of the natural admixtDre of 
various alimentary prinoiples. 



T\ible of the Per-centage Compoaiiinn of FbwU^ ^ff»< 



fthe J 



Nltrogennui 
ffubelaoccs. 



Fats. 



SalUL Water. 



White 

Yolk 



■4 — 

30-7 



1*6 
1-3 



78 
52 



IV. Lfiffuminoun fruits are used by vegetarians, as the chief sonreerf 
the nitrogen of the food. Those chietly used tLtepeas, beana, leniih,ett., 
they contain a iiitrogenouH tuiiht^tttnce oulleil legumin, allied to olbuinai. 
They cnntaiu about 25 -SO percent, of this nitrogenous body, and tiriceK 
much nitrogen us wheat. 

B. SX'BSTANCES Sl'PPLTIKO PSTSCIPALLT CaEBOHTBSATE BODOS. 

a. Jireati, made from the ground grain obtained from Tarioua 60-c»ll«d 
eereah, viz.. wheat, rye, maize, barley, rice, oata, et«., is the direct fonn 
in whicli the carbohydrate is supplied in an ordinary diet. Flour, he'- 
ever, hesidea the sturch, contains gluten, a nitrogenous body, and a snuJl 
amount of fat. 

Table of Per-ceniag« CompoMtion of Bread and Flour. 



Bread 
Flour 



malltin. 
8 1 

10.8 



C'nrbci- 
Lydnitca. 

51- 
70-85 



Fata. IWu. Water. 



1-6 

a- 



£.3 
1.7 
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Variotu articleB of coorae are made from floor, a jr., macaroai, btMuits, 
i., beeides bread. 
0. Vegttablfs, especially potaUwti. 

y. Fruitt coutoiu sugur, uud organio acids, tarUric, malic, citric, and 
then. 

C. SUBSTAKCES BITPPLYLMO PRIHCIPALLT FaTTT BODIES. 

The chief arc butter, lard (pig's fat), mut (beef and mutton fat). 
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D. StTBOTANCEe SfPPLYlNO TH8 SaLTS OP THB FOOD. 

Nearly all the foregoing siibstaiicee in A, B, aud C. contain a greater or 
i amonnt of the Baits Tequirod in food; but green vegetables and fmit 
npplr f^ertain salts, without which the normal health of the body is not 
maintained. 

Rater is consnmed alone, or togetht^r with certain other subAtanoei 
'M flavor it, e.ff., tea, coffee, etc. Tea in moderation is a stimulant, 

^nd contains an aromatic oil to which it owes it« peculiar aroma, an atftrin* 
gent of the nature of tannin, and im alkaloid, theiue. The com])>osition 
of coffee Is very nearly nimilar to that of tea. Cocoa, in addition to 
■imilar aubetonoea contained in tea and coffee, contains fat, albuminous 
matter, and Htarch, and muet be looked upon more as a food. 

lieer. in varioua forms, is an infusion of matt (barley which liaa 
•prouted, and in which the starch is conrerted in great part into sugar), 
boiled with bops and allowed to ferment. Beer contains from 1 '^ to 8-8 
per cent, of alcohol. 
H Cider and Pfrrg, the fermented juice of the apple and pear. 
^ Wine, the fermented juice of the grape, contains from 6 or 7 (Rliine 
vine«, and white and red Bordeaux] to 24 — 26 (ports and Bherries) per 
cent, of alcohol. 

Spiriii, obtained from the distillation of fermented liqaors. They 
contain upward of -JO — 70 jwr cent, of absolute alcohol. 

■ Effects (f cooking upon Food.— In general terms this may be 
■aid to make food more eafiily digestible, and this includes two other 
alterations, food is made more agreeable to the palate and aliw more pl«i0- 
ing to the eye. Cooking con-iista in exposing the food to Tarion« degrees 
of heat, either to the direct heat of the fire, oa in roasting, or to the in- 
direct heat of the fire, as in broiling, baking, or frying, or to hot water, 
M in boiling or stewing. The cfTrct of heut upon flesh is to coHgiilate the 
albiimen aud coloring matter, to solidify hbrin, and to gelatinize tendons 
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and fibroas oonu&ctive ttseue. Prerious beating or bmieing (as viih 
steaks and cliops, or keeping (lui in the case of fo^me), i-endera the meat 
more tender. IVolonged expoenre to heat also derclops on the mrfacr 
t^riain empyrcutnatic Wdiea, which are nf^reeable both to ihe taslca&d 
gmelL By placing nioat into hot water, the external coatin;,' of albnmeo 
is coLigulatcd, and very little, if any, of the couetituents of the meat are 
lust ufteruard if boiling be prolonged, but tf ttie couistttnents of Uis 
meat are to be extracted, it should be exposed to prolonged simmering at 
a much lower temperature, and the "broth" will then contain the gelatin 
and extractive matters of the meut, as well as a certnin amount of albo- 
men. The aildition of salt will help to extract the myosin. 

The effect of boiling upon on egg coagulatc.s the albumen, and helps 
in rendering the artide of food more Buituble for adult dietary. Upon 
milk, the etfect of heat iit to produce a scum rom]>r)fi8fl of sernni-albaniiii 
and a little casein (the greater part of the casein being uncoagulatod) wiUl 
some fat. Upon vegetables, the cooking produces the necessary effect of 
rendering them softer, bo that they can be more readily broken up in tlie 
mouth; it al»o causes the starch to swell up and hnrat, anil »o aids tbe 
digestive fluids to penetrato into their substance. The albuminous mil- 
ters arc coagula(«d, und the gummy, siR-cliarine and Haline matters ue 
removed. The conversion of flour into bread is effected by mixing it with 
water, n little salt and o certain amount of yeast, which conaiats of lae 
cells of ail orgimized ferment {Thrula rercvivite). IJy the grtiwth of thi* 
plant, which lives upon tho sugar produced from the starch of the flour. 
carbonic acid gas and n small amount of alcohol are formed. It is br 
means uf the former that the dough rises. Another method conststi in 
mixing the flour with water containing a large i^nantity of the gas in so- 
lution. 

' By the action of heat dnring baking the dough continues to expand. 
and the gluten being coagulated, the bread sets ad a permanently vesica- 
latcd muss. 
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I. — Effects op .in iirsuFFiciEirr Piet. 



Hung^er and Thirst. — The sensation of hunger is manifeited in 
consequence of deficiency of food in the system. The mind refers the 
sensation to the stomach; yet since the sensation is relieved by the intro- 
duction of food cither into the stomach itself, or into the blood through 
other channels than the stomftch. it would apprar not to depend on the 
state of tlie filomai-b alone. This view in i^cinlirmeil by the fact, that the 
division of both pneumogastric nerres, which are tho principal cbunneli 
by which the brain is cognizant of the condition of the stomach, does not 
appear to alltiv tlie sunuttiuus of buugEir. But that the stomach has 
some share in this senttation is proved by the relief afforded, though only 
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Bmponrilj, bj th« mtrodnction of even non -alimentary Bubstanccs into 
lis orf^an. It may, therefore, be said tlmi the acnatitiori of )iungur U 
iusckI iHilh by a wane in the AyBtem guocrally, aud also hy the coDclition 
tfao stomach hsclf, by which condition, of course, its own nerves are 
lore directly affeut«d. 

The Mn«ation of thirst, indicating the want of fluid, is referred to the 
raoM, although, as in hnnger, this ii^, in great part, only the localdecla- 
ration of a general condition. For thirst is relieved for only a very short 
time by moisT^rning the dry fauces; but may lie relieved completely by the 
jntrixluetion of liquids into tlic blood, cither through the atoinjich, or by 
injections into the blood-vosselB, or by absorption from the surface of the 
flkm or the intestines. The aensatiouof thirst is ])erceired most naturally 
whenerer there is a disproportiomitcly small quantity of wuter in tlio 
blood: ui well, therefore, when wat«r has been abetracted from the blood, 
as when saline or any solid mutters hare been abundantly added to it. 
Aud the caies of hnnger and thirst are not the only ones in which the 
mind derives, from ocrtAin organs, a peculiar predominant sensation of 
some condition affecting the whole body. Thus, the sensation of the 
"neoesBity of breathing," it; referred especially to the air-paaaagee; bnc, 
aa Volkmann's cxfwriments show, it depends on the condition of the 
blood which circulates everywhere, aud i« felt even after tlie lungs of 
animals are removed; for thoy continue, even then, to gasp and mjuufost 
the »enRitiou of want of breath. 

Starvation. — The effects of total depriration of food have been made 
the subject of experimcnta on the lower animals, and have been bat too 
freqnently iltustratcd in man. (1) One of the most notable effects of 
Blnni'atiun> as might be expected, is loss of icpitf/it; the loss being greatest 
at &nt, as a rale, bat aftem'ard not varying very much, day by day, until 
death ensues. Chossat found that the nUtmato proportional loee was, in 
different animals experimented on, olmu&'t exactly the same; death 
occurring when the body had lo«ttwo-6ftliB (forty purcent.)of its original 
weight. Different parts of the body lose weight in very different pro|K>r- 
tinn». The following results are taken, in round numbers, from the tablo 
given by M. Choeaat: — 

Fat loHW 93 per cent 

Blood 75 " 

Spleen 71 " 

rancreas * 04 *' 

Liver • . , 52 " 

Ueart 44 " 

iiiteatinec 43 " 

Muscles of locomotion 42 " 

Stomach an " 

Pharvnx, ((Esophagus) 34 " 

Skin* 33 " 
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KidneyB lodes 31 percent. 

Kespiratorv apparatus 23 '* 

Bones , ' 16 " 

Eyes 10 *' 

lioiTOttB System "i " (near);). 

(3.) The effect of starvation on the temperature of the varions aoimali 
exiwrimenled «n by Cliusiiiit wiia very niarkoil. For some time the rirn- 
ation in the daily tcnipurature was mora marked than its absolute and 
continuous diminution, the daily fluctuation amounting to 5" or C F. 
(3" C), inntoud of 1° or r F. ('5'' to 1" C), a& in health. But aahqrt 
time before death, the temperature fell very rapidly, and death enmed 
when the loas had amounted to about 30" F. (le-S^C). Ithaa been often 
said, and with tnith, although the statement requires some qualificatinn, 
that death by fitanntion is really death by cold; for not only has it hcta 
found that diflcrences of time with regard to the period of the fata) result 
are attended by the same nltimato loss of heat, hut the effect of the appli- 
cation of external warmth to animals cold and dying from atarvation, ii 
more effectual in reviving them than the aUmiaistralion of food. Id 
other words, an aniuud exliausted by deprivation of nourislimont is unable 
80 to digest fooi! as to uw it as fuel, and therefore is dependent for belt 
on its supply from without. Similar facts are often observed in the tst$t- 
ment of exhaustive diaease^ in man. 

(3.) The symptoms produced by starvation in the human nnbjeci an 
hunger, accompanied, or it may be replaced by puin, referred to the regioti 
of the stomach; ineatiablo thirst; sleeplessnces; general weakness and 
enmciatiou. The exhalations both from the tnngs and skin are fetid, 
indicating the tendency to decomposition wlitch belongs to Uidlj- 
nourishcd tissues: and death occurs, gonietimos after the additional ex- 
hanstion cAused by diarrhcea, often with symptoms of nervous disordfT, 
delirium or convulsions. 

(4.) In tlie Kumaii subject death commonly occurs within six to ten 
days after total deprivation of food. But this periml may lie considerably 
prolonged by taking u very small quantity of food, or even water only. 
The cases eo fre(|uentiy iviated of survival after many days, or even some 
weeks, of abstinence, have been due either to tlie last-meutioniNl oirruoi- 
stauoes, or to others no less elTectual, which prevented the loss of heat 
and moistnro. C-a»f8, in which life has continued after total abstinence 
from food and drink for many weeks, or months, exist only in the imag' 
ination of the vulgar. 

(5.) ThoapjK'arances presented after death from starvation are those of 
general wasting and bloodlesgness, the latter condition being least noticeable 
in the brain. The stomach and intestines are empty and contracted, and 
the walla of the latter appear remarkably thinned and almost transparent. 
The various secretions aie scanty or absent, with the excei>tion of llw 
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bil^ which, Bomewhat concentrated, nmally fills the gall-bladdor. All 
parts of the tody readily decompose. 

II.— Effects op improper Diet. 

Experiments on Feeding. — Eip*rimeiit6 iUuatrating the ill effects 
produced by feeding aniinaU upon one or two ulimentary Rubatances only 
have been often performed. 

Dogs were fed exclusively on sugar and diatilled water. During the 
first seven or eight days they were Ijriek and active, and took their fiHKl 
and drink aa Ufliial; but in. the course of the aecond week, they began to 
get thin, although their apjietite contlniied ct>od, and they took daily 
between six and eight ounces of fiugur. The emaciation iuei-ea&ud during 
the third week, and they became feeble, and lost their activity and ajijie* 
tile. At the «time Time an ulcer formed on each eonica, followeri by an 
escape of the humors of the eye: this t<iok place in repeated experiments. 
The aniniala atill continued to eat three or four ount'CB of sugar daily; 
but tjoeame at lenj^th so feeble as to be incapable of motion, and died on 
a day varying from the thirty-iirBt to the ihirty-fourth. On disBpction, 
their bodies pru^ntud all the uppearaueus produced by death from starva- 
tion; indeed, dog» will live almost the same length of time vrithout any 
food at all. 

When dogs were ftd excluBiTcly on J?«m, rcsulta almost similar to the 
above ensiieil. Wlien they were kept on o7tiw-o(7 and imter, all the phe- 
nomena produced were i\\<i same, exce|it that no ulecmtion of the cornea 
took place; the effects were also the eame with butter. 'J'lie experiments of 
Choseat and Letellier prove the same; and in men, the same is shown by 
the viirtoua disewses to which those who oomnme but little nitrogenous 
food are tiablrt, iiud cspeoiully by the- affection of the cornea which i« 
obserrcd in Hjndns feeding nlmoBt exclusively on rice. Bnt it is not only 
the no n -nitrogenous subBLaneefl, which, taken alone, are inHuf!icii;>nt for 
the maintenance of health. The experiments of the Acadcmiosof France 
and Amsterdam were et^ually conclusive that galalin alone soon eeascs to 
be nutritive. 

Savory's obsen-ations on food con6rm and extend the reBults obtained 
by Magendie, Choasat. and others. They show that animals fed exeln- 
sively on nou-nitroKenous diet speedily emaciate and die, as if from etarv- 
ation; that life is much more prolonged in those fed with nitrogentms 
than by those with non -nitrogenous food; and that animal heat is main- 
tained as well by the former as by the latter — a fact whit:li proves, if 
proof were wanting — that nitrogenous elements of food, as well ais non- 
nitrogenous, may be regarded as calorifacient. 
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III.— Effect op too mvcb Food. 

Sometimes the excess of food is so great tlint it passes through the ali- 
mentary ranal, and is at once got rid of In- increased iwristaltic actinn of 
the intestines. In other ciises, the unnhsorbed portions uudcrgn ^mtn- 
factive changes in tlm intestines, which are accompaniwi by the prudsp- 
tion i>E gases, sncli as carlwnic acid, carburettetl and siilphiiretled liidro- 
gen; a diAtcinded condition of the bowels, accompanied by ermptuui of 
indigestion, is the resujt. Au excess of thesnbstances retjuire*! na food out, 
howeTor, nndergo absorption. It is a well-kTioini fact that numbers o( 
people habitually eat too much; cspoeiidly of nitragi'nons food. Daji 
call digest an immense amount of meat if fed often, and the amount oi 
meat taken by some men would supply not only the nitrogen, hut the 
carbon which is requisite for an ordiiiary natural diet. A method of pH- 
ting rid of an excess of nitroj^eu i^ provided by the digestive processes in 
the duodenum, Ut be presently described, whereby the excess of the albo- 
minous food is capable of being changed before absorption into mlrojte- 
notia crystalline matters, easily converted by the liver into urea, and eo eaaly 
excreted by the Itidneys, affonling one Tsriety of what is called htnt 
rrm-irtrnjifion; but aft-pr a time the organs, especially the liver, will vieM 
to the strain of tlio over-work, and will not reduce the excess of nit!T^g^ 
nous material into urea, hut into other less oxidized prmlucts, finch as nric 
acid; and general plethora and gout may be the result. This state of 
things, however, is delayed for a long time, if not altogether obvi»l«), 
'When large meat-eatera take a considerable amount of exercise. 

Excess of carlwhydrate food produces an accnmulation of fat. which 
may rot only lie an incnnvoniencc by causing ohcsity, but may interfew 
with Ihc proper nutrition of muscleB, causing a feebleness of the action 
of the hi'art, and other troubles. Tlio accumulation of fat is dne totbo 
excess of carbohydrate being stored up by tlio protoplasm in the form ol 
fat. Starches when taken in great excess are almost certain topiverisein 
addition to drspepeiu, with acidity and flatulence. There is u limit la 
the absorption of etarcl; and of fat, as, if taken beyond a uertuin amount, 
they appoiir nnchungcd in the fsecea. 

Requisites of a Normal Diet— It will have been underetoud tluU 
it is necessary that a nnrmftl diet should be made np of various articles 
that thoy should bo well cooked, and should contain aBout the samd 
amount of the cjirbon and nitrogen that are got rid of hv the excreta. 
Without doubt these desiderata may be satieJied in numerous va^, an4 
it would be simply absurd to believe thnt the diet of every adult should 
he exactly similar. Tlie age. sex. strength, and circumstances of onch 
individual ahouM ultimately determine his diet. A dinner of hrend and 
hard cheese with an onion contain nil the requisites for a meal; but such 
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diet would be suitalile only for thnse possessing strong digestivo povrcn. 
It is a well' known fact tliat the diet of the continental nations differs 
from that of our own country, and that of cold from that of hot climates; 
but the same principle underlicB them all, tik., replac^enicni of the loss 
of the excreta in tlie meet convenient and i^onuniical way jiotsihle. 
Without going into detail in the matter, it may be said that any ono in 
actiTe work rcquirea more nitrogenous matter than one at rest, and that 
children and wumen require less than adult men. 

l*)ie quantity uf £ood for a healthy adult man of average height and 
weight may be stated iu the following table; — 

Talie of Water avd Fowl required for a Hrallhy Adult. — {Parker,) 



Nitrogenous snhstanoos, e.g., Hosh 

Fata 

Carbo-hydrates . . . . 
Solta 



In laborlouA 
occupation. 

(5 to 7 oz. av. 
3-5 to4-.'i oz. 
IK to 18 oz. 
l.'i to 1.5 08. 



At rest. 

2-5 oz. 

1 oz. 

l^oz. 

.5oz. 



20 -7 to 31 oz. 16oz. 



The above is the dry food; but aa this lb nearly always combined with 
fiO to GO per cent, of water, these numbers should be donhled, and they 
would then be 52 to GO oz., and 32 oz. of so called soUd food, and to this 
,ahou[d be added 50 to 80 oz. of fluid. 






Full diet scale for an adult male in hospital (Si. Bartfiohiaetc'jt 

Uaxpiiai], 



Breatfas/. — 1 pint of tea (with milk and sugar), bread and butter. 
Dinner. — } lb. of cookcfl meat. } lb. potatoeiS, bread and beer. 
TVa. — 1 pint of tea, broad and butter. 
Hupper. — Bread and butter, beer. 



tJaily allowan^ to eath patient. — 2 pints of tea, with milk and susfor; 
14 oz. bread: ) H). of cook^ meat: \ lb. potatoes: 2 pint* of boer^ 1 oz. 
butter. 31 oz. solid, and 4 pints (80 oz.), liquid. 
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DIGESTION. 

The object of digestion is to prepare the food to nipply the waste of 
the tintiiies, which we have 8tvn is its pro]}er function in the pcodoidv. 
Few of the articl(j£ of dic-t are taken in the exact condition in which ii a 
poHHible for them to be absorbed into the system br the blood- rcggeJa aod 
lymphatics, witlioiit which absorption they would be useless for the pur- 
poses they have to fulfil; almost the whole of the food undergoes varioiii 
changes before it is fit for absorption, lliiving been received into ilif 
mouth, it is subjected to the netion of the t-ecth and tongne, iind iaraiwi 
with the Hffit of the digestive juices — the saliira. il is then swalloweii, 
and, passing through the pharynx and oosophagiut into the stomach, ii 
Bnbjected to the action of the fftnifn'v jii ire. Thence it pnssef into Um 
uitetitiiies, wiiere il meets with the bile, the pancreatic juice und the in* 
testinal juices, all of wliich exercise an influence upon tbat portion of Uw 
food iiot absorbed from the Atomach. By this time most of the foo<l ii 
capable of absorption, and the residue of undigMted matter leavee ihft 
body in the form of fseces by the anuB. 

The course of the food through the alimentary ronal of man will bfr 
readily seen from the accompanying diagram (Fig. 165). 

The Mouth in the cavity containtMl lietween the jaws and [mOcevd 
by the t'liueks laterally, and by the lips in front; behind it opens into tbe 
pharynx by the fiiurvs, and is separated from the uaaal cavity by the \itji 
palate in front, and the eoft palate behind, which form its roof. The 
touKue forma the lower part or floor. In the ja'ws are contained tli* - 
teeth; and when the month is shut these form its antorior and latornl I 
botintliiries. The whole of the month ia lined with mucous momhrane, 
covered by stratified squamous epithelium, which is continuous in front 
along the lips with the e]»itholium of the skin, and pogteriorly with that 
of the pharynx. The mncoiia membrane is provided with iiumemua 
glandet {^mall tubular), called innctios glands, and into il open the dacU 
of the Halivar)' glands, three chief glands on each side. The tongue il. 
net only n prehensile ort^n, bnt is also the obief t»tiat of the sense of twte. 

Wo shall now consider, in detail, the process of digestion, as it tak 
place in each stage of this journey of the food through the alimentarr 
canal. 

Mastication. — The act of chewing or maatication is performed b» 
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ting and grinding movemmit of the lover range of teeth again^ tho 
llie simulcanoons moTcnients of tho tongue and cheeks attsiKt partly 
Bhing the softer portions of tliu fuoil ugainst the hard palate, gums, 
nd thus Buppleinentiitg thu action of thu tt^th, and jfarlly by re- 
g the monels of food to the action of the teeth, again and aguiu. 




KB. — DtMrrmniiir the AlinwuiAry L'^iii.J 
loot! an ihn Uriev liibsilup. 



. i* rrom abooC t to 4 



t ore squeezed out from between them, until they have been snffi* 
■ chewed. 

e Bimplo np and down, or biting movenicnt« of the lower jaw, »ro 
ned by tho ttrnporaJ, ma*Heter, und int«mal ptt-rygoid muBolca, the 
of which in closing the jaws altcmateB with that of the digastric 
her muscles {lassing from the os hyoides to Uie lower jnw, whieh 
hem. The grinding or eidc to side moTcmcnts of tho lover jnw 
rformed mainly by thu external pterygoid musctes, the muscle of 
le acting alternately with the other. When both citemal ptery- 

VOL. I.— 15. 
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goide not together, the lower jaw ii; jmlleil directly forward, ao that the 
lower incisor teeth are brotiglit in front of tlie level of the upper. 

Temporo- maxillary Fibro -cartilage.— The functiou of the iiii«r 
Articular tibru-cariilugu uf tliu tuiiiporo-uittxilliinr joint in muBticatioa 
may be here uieutionetL (I) A» an elastic pad, it Mrves well to disthb- 
«te the pi-esstire cAused by the exceedingly powerful actiou of the uiaio- 
calory muficlea. (2) It also serrea as a joint-surface or ^un-ket (or tin 
condyle of the lower jaw, wliou the latter luia been partially drawn for- 
ward out of the glenoid cavity of the temporal bone by the external pien- 
goid muscle, some of the fibres of the latter being attached to its frwt 
Burface, and consequeuily dmwiug it forward with the condyle wliicli 
moves on it. 

Nerve- mechanism of Mastication.— Aa in the caeo of so mattv 
other nclione. that of inai>tiaition is p»rtly voUintury and partly n^fa'i 
and involuntary. The conaidemtion of such semtori-motor actions uljl 
come hereafter (see Chapter on the Nerrotis System). It will siiffioe litre 
to Btate tliat the nervos chiefly concenic-d are the Mnroty branches of the 
fifth and the gloMo-pharj-n^eal, and the mohr branches of the fifth and 
the ninth (hypoglossal) cerebral nervea. The nerve-centre throngh wliirh 
the reflex actinn occurs, and by which the movoments nf the variou* 
muscles are hiirmonize^l. iii aituutc in the medulla oblongata. In »p fm 
as mnsticatiyu ie voluntary or jncntally perceived, it becomeii so uuiiw 
the influence, in addition to the medulla oblongata, of the in.-rebi'al liciri- 
spheres. 

Insalivation. — The act of maBticatiou is much assiste4l by the nlin 
which i^ seiTeted by the salivary glands in largely increa^d amoanl 
during the process, and the intimate incorporation of which with the 
food, as it is being cboved> is termed CumU'valion. 

The Sauvahtc Olaxds. 

The salivary glands are the parotid, the fuh-maxUlary, and the mth- 
lingxml, und numerous smaller bodies of similar structnrD, and with »[)- 
arate ductti, which are scattered tliickly beneath the mucouB memhraneof 
the lips, cbeeks, soft palate, and root of tlie tongue. 

Structure.— The saliran- gianda are usually descrilw-d aii componnd 
tubular glands. They are made up of lobules. Each lobnle eooBiats 
of the bnniHiingfi of a fiubilivigion of the main duct of the gland, which 
arc generally more or leas convoluted toward their extremities, and Mue- 
timcs, according to «ome observers, sacculated or pouched. The convo- 
luted or ikiucIkhI ]iortioi\s form the n^rfo/i', or proper aecroting ports of 
the gland. The alveoli arc composed of ii baBoment membratie of fiattcaed 
ceiU joined tutrether by procettses to produce a fenestrated mcmhranc, the 
spaces of which oi-e occupit»l byahomogeneoueground-subet«noe. With- 
in, upon thi« memlirHne, which forma the tube, the nucleated Mlivaij 
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secreting cells, of cubical or columiuir funn, arc arrnn^^ parallel to one 
Miothur surrounding n mittdic centnU camil. Tim >rriiniiltir a]i[H>umnee 
rhjcli is tn?t|ucntly Been in the salivary cvXls is due to th« verj- dense not- 
jrk of fibriU which Ibey cuntaiu. When isolated, the cells not unfre- 
lently are found to be bmnched. Connecting the alveoli iuto lobules is 
iconndenible amount of Qbroiu connective tiasiie, which contjiim Wlb 
sned and grunnliir protoplasmic cell?, Ij'niph corpnsoleB, nnd in sonic 
fat cells. The lohiilcs are connected to farm larjrer lobnlee (lobes), 
similnr manner. The alveoli pass into the intralobular duetji by a 
urrowed portion (intercalary), lineil with [luctened epithelium with elou- 
giiteil nuclei. The intorculur}' ducl« puss iuto the iutndobuhu' duet^ by 
a narrowed neck, lined with cubic;il celitt with small nuclei. The intni- 
lobular duct is burger iu size, and ia lined with large coluuuuir uucIealeU 
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Flo. IW.— Soction at nUiniAxlUan' Klood of doff. ab(nrbi2i[Uad-o«Ui.*.aDd«dael.o,lDi«<^kini. 
OCfiUUDBr.) 

celU, the parte of which, toward the Inmen of the tube, presents a fine 
longitudinal strtation, duo to ihe armngcment of the cell network. It is 
moat marked in the submaxillary plnnd. The intrnlobuhir dnctspaas into 
the lATKcr ducts, and these into thc> main duct of the gland. As those 
ducts become larger (bey nequire an outside coating of conncotive tusne, 
and later on some unstripcd muscular Hbrcs. The lining of tlie larger 
duct« cousisL« of <uie or more layers of columnar epithelium, containing 
an intrucellular network of fibres arranged longitudinally. 

Varieties. — Certain difference* in the etnicture of ealirary gland* 
ay be observed according m the glands secrete pure ealira, or aidira 
nixed with mucns, or pure nmoufl. and therefore the glanda have been 
flflBBified as: (1) True mlimry glandn (called mort unfortunately by some 
aerouM glands), f.g,, the parotid of man and other animals, and tlio flat>> 
nmxillary of the mbbit and guinea-pig (Fig. Iflf). Iu this kind the 
miTcolar lumen is snudl, and the eolU lining the tubule are ebort, grunuhir 
colamnar cells, with nuclei presenting the intranuclear network. During 
rest the cells become larger, bighlr granular, with obscured nuclei, iiud 
Itunen becomes smaller. During activity, and after stimulation of 
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the sym]nthetic!, the cells become sintJIvr and their contents more opaqDe: 
the gnuiule^ tirat of all liiBappearing from the outer part of the colls, and 
then being found onlr at the extreme iiuer part auil coutignous border u[ 
the cell Tile imt-lei reappear, us does also the lumen. (2) In the tnt 
mucus'secreiiiig glands, as the sabliogaal of man and other animals, atl 
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Flo, inT. — Prmnnwvtlnn through ft tniB Mllvafy (hod. n. thr ajwtd •Iwoll.llnrd with dhi- 
mlnotiH "s«Jlt-itri lvIIh;" b. lDinlDbulardiioieiittnM*vnetr> iXtvlnandNobleSinJtb.) 

Fill liSA — Kniiii n Mi.'^iiii thnmgta *muooaac<ftMlB*4i3eawrtac*tA. TbcftlvmllArp Iinr4«ltt 
Irani-pan'ni inuivnw vvlUi and cmtaulp Urw «t« um (Iptnfliinea ot Hdrirahalu. Tti» ocUi ibouU ha** 
been n-[irt^!>p|ii«] lut man or leal {rutnlar. [HrldiTiihaiii ) 

in the eiibmaxillary of the dog-, the tubes are lai^r, contain a larjiffr 
lumen, and also have larger cells lining thoni. The cells are of tiro VimK 
(a) mucous or central efUs, which arc franRjMirent rolnmnjir cells wiili 
nuclei near the bjieenient merabmne. Tlio ct'll eiibstance is made up of a 

fniE) netwiirk, nliich in the resting state 
contiuns a transparent substance call^ 
mucifffn,, during which the cell doe«not 
stain well with logwood (Fig. ICS). 
When the gland ia secreting, mydy* 
is com'crtod into mucin, and the celb 
swell up, appear more transparent, aud 
stain deeply in logwood (Fig. 109). 
During rest, the celU become emallcr 
and mure granular from having rii»- 
chargcd Iheii* contents, and the nnclei 
appear more distinct, {h) iSrmHtiM* »/ 
Ihiiletihmn (Fig. 168). which are ere- 
scentic masses of granular parietal cgIIb found here and there between the 
biwement mombrano nnd the central ocIIh. These cells are aniall, and 
have a very dense reticulum, the nuclei are flpherictLl, and increase in site 
during eecrctton. In the inumuii gland there are mme large tubes, lined 
with large traiuiparent central cells, and have besides a few grannUr 
parietal celU; other aniall tubeei are liued i^'ith siJuill granuhu- parietal 



Pio. tm.— A |Mirl of n sn^litrn Ilirouiili a 
ntuiiiio itlftnil a(It nmlriTiKnl Hn.-u1cal 
■HiiiiitMlnii. Thw Klvwiliiuvlfupil wlIliMiiall 
Ipriuiiilar criia, (LATtLovidEL) 
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cella alone; and a thin! variety are lined equally vith eacli kind of cell. 
(3) In tho muco-Balivary or mixed, glands, m tlio liumau gubinusillary 
glaud, part of the gland presents the structure of tbo muuous glund, 
vhUat tUu rumaiudtir has that of tke salivary glands prupvr. 

Herves anil blood' fefseh. — Xerves of large siw are found in the s^di- 
Tary glands, thoy are contained in the connective tiasue of the alveoli 
principally, and in certain glanda, especially in the dog, are proviiled with 
ganj^lIiL Some nervca liavo ajiecia! endings in Piiciiiiati coriniselct;, Kome 
eiipply the blood-x'cBsels, and others, according to PHiiger, penetrate the 
buiienient inemb'rane of the alreoli and enter the salivary eolla. 

The bliKKl-Tcsaels form a dense capillary network around the diicta of 
the alveoli, iKiin;; earned in by the Hbrous trabecul» between the alvaoli, 
in which also begin the lymphntica by lacunar spaces. 

Saliva. — Saliva, at: it commonly Hdwb from the inniith, is mixed with 
tho secretion of tho mneous glands, and often ivith air bubbles, which, 
being retained by its viscidity, make it frothy. Wlien obtained from the 
parotid ducts, and free from mucus, sidivti is a Crausparent watvry dnid. 
the specific gravity of which varieB from I()ll4 to IDOf*. mid in which, 
when examined with the microscope, are fonnd floating a number of min- 
ute particlcB, derii'ed from the secreting ducts and vesicles of the glands. 
In the impure or mixed saliva are found, besides those imiliclee. numer- 
ous epitheliiil scales scjtarated from the BurfaRO of the nuicous nicnibrano 
of the mouLh and tongue, and the so-called salivary corpU6clca. discUarged 
probably from the mucuuci glands of the mouth and the tousils, which, 
when tlie saliva is collected in a deep vessel, and left at. rest, euWide in 
tho fonn of a white opaque matter, leaving the snjwrnatant salivary Ihiid 
tmnsparent and colorlcas. or with a pale bluish-grey tint. In Ttaction, 
the mUiva, when iimt neoreted, appears tn he alwayealkaline. During fast- 
ing, the salivit, although secreted alkaline, shortly becomes nentrui; and 
it does m espe':ially when seereted slowly and allowed to mix with the 
acid mucus of tho mouth, by which ire alkaline reaction is noutraliied. 

Chemical Composition of Mixed Saliva (Frerichs). 

Water &04t0 

Solids 5-ftO 



Hvnlin 

Fat 

Epitbelinm and Protoids (including Scnira-AI- 
bnniin, ■Dlohnliu, Mucin. &c.) . 
Salts — PotasKium Siilnho-Cyanato 

Sodiuin Phospnatc ..... 

Calcium Phnsphnte 

Magnesium Phosphato .... 

Sodiiitn Chlnridc 

Potaasiam Chloride 



1-41 
0.07 



3.13 



2-29 



^^^ 
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Till? presence of potaBsium Biil]>bocyaimte (or thioctfanate) (C N K Sj 
171 saliva, miiy be shown by the hloo<l-red coloration which the fluid girw 
with a solution of ferric chloride (Fe,Cl,), and which ij bleached cm 
the addition of n snltitinn of mc'rciirir chloride (HgCl,). 

Rate of Secretion and Quantity. — The rate at which salira b 
secreted is subject to considerable variation. When the tongoe ud 
miueleii coueenieil in mastiuuiion are ai re£t, and the nerves of the tnoutfa 
urc subject to uo unusiiid etiiuiiltis, the quantity eecrete*! is not nwn tlun 
sufficient, with the mucus, to keep the mouth moiKt. During aciTul 
se<:retlon the How is much accelerated. 

The jwffH^rVy secreted in twenty-fonrhonrs varies; its arerage amwint 
is probably from I to 3 pints (1 to 2 litres). 

Usesof SaJiva. — The purposes BerTcdhyB«liraare(l) mechanical aiid 
(3)cliemic;il. 1. Mrchanieal, — (1) It kee|>8tlie mouthiii a duecoDdilioD 
of moisture, facilitating' tiic morcmente of the tongue in sjieaking, and 
the mafitication of food. (2) It mrves also in diBsolring sapid subetancM, 
and K'mleriiig them capable of etciting the nerves of taste. Bnt tbr 
princiiwd mechanical purpose of the saliva ift, (3) tliat by mixing with tb* 
food during mastication, it makes it a soft pulpy mass, such as mav ^» 
easily swulloved. To this piirjuiee the saliva ia adapted both by qnaathj 
and quality. For, speaking genomlly, the quantity secreted (hiring fad- 
ing i8 in direct proportion to the dr^'netw and hardness of the food. Tb? 
quality of saliva is equally adapts to this end. U is easy to see hov 
much more readily it mixes with most kinds of fuod than water alone 
does; and the saliva from the parotid, lubial. and other small glands, 
being more aqncons than the rest, is that which is chiefly i/raidcd awl 
mixed with the food in niastieation; wliilc the more viscid mucous secre- 
tion of the submaxillary, palatine, and tonaiUitic glands is spread nver 
the surface of the Foftoneil miiss. to enable it to t<li<le more easily tliroogh 
the fauceii and resophagus. II. Chemicni. — Solira has the ]>(>wcr of ooa- 
Tcrting starch into glucose or grape-sugar. "When saliva, or a portion of 
a salivary gland, is added to standi paste in a test-tube, and the mixtnie 
kept at a temperature of IW F. (ST-fi* C). the starch is very rapidly 
transformed into grapo-augnr. There is an intermediate stage in which a 
part or the whole of the starch becomes dextrin. 



Teat for Glucose, — In such an experiment the presence of sugar is at 
once disooTcred by the applif-ation of Trommer's test, whieli consiets in 
the addition of a drop or two of a solution of cop|K.>r sulphate, foUnved 
by a larger quantity of caustic potash. When the linuid is builtnl. an 
orang«."red precipitate of copper suboxide indicates the jiresence of sugar: 
and when common raw starch is masticated and mingknl with saliva, and 
kept with it at a temperature of tW" or 100° F. (30"— ST.a" C). the 
slareh-grains arc crocked or eroded, and their contenta are tranaformed 
in the same manner as the stan^^h- paste. 
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ira from the parotid is less vucid, less alkaline, clearer, and more 
initei7 than that from the submaxillary. It has. moreoTer, a less power- 
I action on eturch. Sublingual saliva i« the mo«t viscid, and coutaiiu 
i^re solids than either of the other tvo, but does not ap|)ear to be so 
poverfn) in ite action. 



The salivary glands of children do not become functionally active till 
the age of 4 to )> months, and hence the had effect of feeding them before 
ihi* :»go on starchv food, coni-llonr, etc., which they are unable to render 
■olnble and capable of abaorptiou. 



to. 



Action of Saliva on Starch. — Tliis action is due to the prewnoe 
the saliva of the body L-Jtlled p/v<thn. It is a nitrogenous body, and 
belongs to the order of ferments, which are bodieR whose exact chemical 
composition is unknown, and which are capable of producing by their 
preaence changes in other bodies, without, them^'lves undergoing cliangc, 
Htjalin in called a hiftlrolyfic fertaeni, that is to say, il acta by adding a 
molecule of water to the body cluinged. Tlio reaction is euppoeed to be 
m follows: 



3 C.H O, + 3 H.0 = C.II.,0. + 3 (C.H..O,) + 2 U,0 = 3 C,U..O^ 
Bt«rcQ -h Wftt«r. ulucoMe UexLnn Umcow 



H Bat it is not nntikely that the action is by no means so simple. In 

^^ the first place, recent observers believe that a molecule of starch must bo 

reprp-iented by a much more complex formiilu: next, that the stiiges in 

Hothe reaction are more numerous and extensive: and thirdly, that the pro- 

^dnct of the reaction ie not true glucose, but maJtonr. Maltose is a sugar 

more akin to cane than gnipc sugar, of very little sweetening ])ower, and 

with Ie« reducing power over copper salts. Its formula is (.',,[1^0,,, 

The action of saliva on starch is faciliUtted by: (<i) Moderate heat, 
about 100" F. (37-8" C). (*) A slightly alkaUue medium, (c) Removal 
of the changed miiterial from lime to time. Its m-iion is reliirtled by: («) 

iC'old; a temperature of 3'i" F. (0° C.) stops it for a time, but does not 
Seatroy it, whereas a high temperature above 140° F. (60° C.) deistro)-B 
Ift. (i) Acida or strong alkalies either delay or stop the action altogether. 
\c) Presence of too much of the changed material. Ptyalin, in that it 
Bonverta starch into sugar, is an amyMytir. ferment. 

Starch appears to be the only principle of food upon which galira acts 
chemically: it bati no apparent inllucnce on any of the other ternary prin- 

riplM, such as sugar, gum, ceIlulo«e, or on fat, and seems to be equally 
estittite of power over albuminous and golatinons snhstanees. 
InAuence of the Nervous System.— The secretion of saliva is 
under the control of the nervomt Bvstem. It is a re6« action, and fh 
ordinary conditions is excited by the stimulation of the ptn-ipheral 
branches of two nerves, viz., the grutatory or lingual branch of the in- 
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ferior maxillary division of the fifth nerve, ami ihe glosto-phtiryngeal fut 
of the eighth \mT of nen-es, which are tiistributed to the mucous mesa- 
braiie of the tongiic atid phan'nx. The stimnlaeion occura on the iatro- 
duction of MipiJ HubBtancea iuto the mouth, und the secretion ia brought 
about in the following wiiy. P'rom the terminations of these Mmorr 
norvos in the niueoue invmbrano an ittiiirossion is eonvcyeil upward {kSet- 
cut) to the special nerve centre Bituatcd in the medulla, which contrail 
the jirocess, and by it is rellected to certain uervcd itupplied to the salivan 
glands, which will be presently indicated. Itt other words, (he centre, 
Etimulated tu action by the sensory impressions carried to it, sends uui 
impnlios along efferent or 8ecretoi7 nerve« BQpplied to the saliTarr gliuwU, 
which cause the saliva to be secreted by anrl discharged from the gland 
colls. Other Btimnli, however, besiiica that of the food, and othereenwTj 
nerves iH^sides IIiohb meutiuned, may ])roduce rcllexiT the sainc dlteb. 
SalivH may be caused to (low by irritation of the mucous membnuic ot tlie 
mouth with meehanical, chonueol, electrical, or thermal Ktimnii, also by 
the irritation of th<3 mucoua nienibraue of the fitomaoh in some way, as in 
nuudea, which precedes vomiting, when some of tlie iteripheral fibres ol 
the vaffi lire irritated. Stimulation of the olfactory nerves by smell ol 
foo<], of the oplic nerves by the flight of it, and of the autiitoiy oerre* 
by the sounrls which iii-e known by experience 1o occompanv the prepa- 
ration uf a meul, may alsn, in the hungry, stimulate the nerve centre to 
action. In addition tu these, us a secretion of aaliva follows the move- 
ment of the niUBeles of niiisticatiuu, it mny be assumed that this move- 
ment stimulates the societing nerve fibres of tlie gland, directly or re- 
flexly. From the fact that the flow of saliva may bo increased or dimin- 
ished by mental emotions, it is evident that impressions from the cere- 
brum also are capable of stimulating the centre to action or of inhibiting 
its action. 

Secretion may bo eX(^itod by direct stimulation of the centre in tlw 
modullu. 

A. On the SvbmnTiUary Ohnd. — Tho 8ubmaxi]hii7 gland has been 
the gland rhipfly employed for the purpose of oxi)ori mentally demonstia* 
ting the iuHuencu of the nervous system ujvon tho secretion of saliva, b^ 
cause of the comparative facility with which, with its blood-vessels and 
nerves, it mny be exposed to view in the dog. rabbit, and other unitnnls. 
The chief nerves supplied to the gland are: (1) the chorda tt/mpnui {» 
bra^nch given off from the/i»cm/ poiiio ilura of tho seventh pair of nerves), 
in tlio canal through whirli it pa«.<)es in the temporal bone, in its inssago 
from the interior of the sknil to the face; and (2) bninchcs of the *ym- 
pnthetir nerve from the plexus around the facial artery and its braucbea 
tffthe gland. The clHuiJa (Fig. 170, ch. t.), after tjuitting the temporal 
bone, piwww downwai-d and fornnrd, under cover of the external pterygoid 
muscle, and joins at an acute angle the lingual or gustator}' nerve, ip^ 
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with it for a short diatance, and then pasecs along the submaxillary 
gland dact (Fig. 170, #m. (/.), to which it is distributed, giving branches 
to Che submaxillary K^^nglion (Fig, 170» sm. gh), and sending utben to 
terminate in the sujicrliciid muscle of the tongue, [f this nerve be oiposed 
and divided anywhere in ita course from its exit from the skull to the 
glandr the secretion, if the gland be in u(.-tion, is arrested, and no stimu- 
lation either of the lingual or of the gloseo-jiharyngeal will produce a How 
of saliva. But if the pcriphoral end of the divided norro bo stiriiulaiud, 
,au abnadant secrcliuti uf salivit ensues, and the blood HUpply n euormoualy 



Vta- 110,— TMa^rTAiiHUAiIi' r^tirr-wniAUou f)f Uif> KuhciiaxnUnr |^MXlA <it (heiloR irllh ltnrwrv««anl 

I vtmrl I. ! I : J ilhwtmtpUw'xiv-t luuKMnte^JivlatloDaof Uirii«TaraI«tnict- 

> am. u'' ""1 '"t'' tti^ •i'"'f •*••' 'I t. ot vbMi a nuuniU hn> bnm tlad. 

namhllNruiii . I ' I. frilicirn. n.J, .».('.. ihnllajnklortwUbVTBerv*: <-A. f..M. r.. 

tka cba«da tjiiiiituij j'n x-Hnthi;[ fr'>ii> Ibn T»clml om-r*, fawmnlnc oodJoIbwI wHb Um llngwl mt n. I'., 

•nd atl&nrwri wwrKlaic Mid (HuMmt u> Uw iflaai aloor t^ oum; m. gf.. aubuuxiUiTy j(i4)cll(4 



I tjTIlI^Uli I'(i.".-™ill[i;[ (fill. IbH T»Clml DM"**!, 

rani wwricUiic Mid (HuMmt u> Uw i^lMid aloor tfae oum; m. pf.. aubuuxiUiTy j(i4)i 
with ka roota: n. I., Ui» tlnml mtvo pmoMdllW to t£» tonSM: a. nir , tk)i canitld Krt*>0', 



I of which, a tm. a. ftnd r. «n. p , mm 
<■»., Uw ■Rtwlor ami {iiMMtlar *«ln>fpani ui«>|[lajid«>mlliixlii iv /, tb«iu 



b> the ttntntM- And poMiMlor p&rUof the (Und: t: 
_lajid«>ndliixlii IV /, tba iuKulamdn: r, wia., Uwom- 
Mord *«in>* uid «:nvpfttlw.>lle> tninln: uJ. ivr. < . Ui« mipprifir-o-rrliAl ouuclhui. na broBchM of ThkA 
ri<railasaslMnui.n. /., m-t-r duifkclM artMrBrv illnirlbutnl in. jyin. «in.) olcmft ih» to-o ptUulnUr 
W«MiMtoitieui«-rioriiii>l p<«(«rlarpanli!inot the icImuI. TlieWToira IndicAt^' lh<- 'lln-t.-tk>ni«krn 
fey UwlMrTMwItnpubH: ilurliigrdiaiMlnnuladoaKaf Uw gUnd Uigy — uwid tuUiebniUi by Uir lUi- 
■iul«nddHC3«iidb]r UiecbordAtrmiMtnt. (M. FMta.) 



increased, the arteries being dilated. The veins even pulsate, and the 
blood enntuined within tliem in more arteritd than venoun in ehanicter. 
I When, on the other hand, the stimulus ia applied to the ittfinpatketie 
'ffiaments (mer? division producing no apparent effect), the arteries inm- 
tract, and the blood (Stream isinoonssquenco much diniinishcd; uu<l from 
the veins, when opened, there oscapcfl only a sluggish stream of dark 
blood. Tlie saliva, iuateftd of being abundant and watery, bocomes scanty 
and tetwoious. If both chorda tympani and sympathetic hrauohes be di> 
Tided, the gland, released from nervous control, socretes continuously and 
abundantly ( pttrali/fir) secretion. 

The abundant secretion of EuUivu, which follows stimulation of the 
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chorda tympaiu, is not merely tlie result of a Sltration of fluid from Ibe 
blood-vessels, ill tODsequt-iiCf of tin* Ijirgvly increaAeti circulation tliroiigli 
tliem. Thia U provwi by Ibu fart tbat, when the main duet ii)Obelrutt«r(l, 
the pressure within may cotiaideirably exceed the blood •ptvssuro in ibt 
arteries^ »nc1 aUn that when int-o the roins of the animal icxpcrimi>nt«t 
upon some aivopin luis fit'en previously injwied, Blimulalicm of the 
jwripheral und of Ibe divided chorda prodiict-a all tlic vaa-uliir eflroteiB 
beforu, without any M?cri?tiou of saliva accompanying thi?m. Agalii. if 
an anitnars bead be cut off, utid the chorda be nipidly uxpoeeii and stimu- 
lated witli an iriterniptinl current, a secretion of Bulira ensues lor u sliurt 
time, although tlic blood eiipply is necesearily absent. These experinicnts 
aerve to prove timt the cliorda contains two seta of tier\'e fibres, oi»«et 
(v».*fi-(h'f(tt0r) which, when 8timiilar<'d, act upon a local vaao-motor iv nn* 
for regulating the blood supply, inhibiting ita action, and causing ihf 
vessels to dilate, and ho producing an increased supply of blood to llm 
ghmil; while another set, whit^h an; pandyzcd by injection of atropin, 
directly stimulute the cells themBclvca to activity, whereby they wcwUi 
and dieeliorge the constituents of the saliva which they produce, llwee 
latter fibres very poeeibly terminate in the siilivary celU thenieelvw. U. 
on the other hum!, the sympathetic fibres be divided, Bliniuhition of the 
tongue by sapid substances, or of the tnmk of tho lingual, or of the gloaso- 
pharyngeal, continues to produce a flow of ssiliva. Fmm tlieae expcri- 
tnenta it is evident that the chorda tynipani nerve is the principal tjcrre 
through which efferent ini[>ulsc6 proceeil From the centre to excite tho 
secretion of this gland. 

The sympiUhetic fibres appear to act principally as a vaso-constrictor 
nerve, and to exalt the iiction of the local vnso-motor centres. The 
sympathetic is more powerful in this direction than the chorda. Thwe 
is not sufficient evidence in favor of the belief iliat the submaxillary gan- 
glion is ever the nerve centre which controls the secretion of the suIk 
maxillary ghmil. 

Ji, Oh the Parotid Oland. — ^The nen'es which influence secrotion in 
the parotid gland aro bnuichus of tlie facial (lessLT stipcrficial petmsii!) and 
of tlie sympathetic. The former nerve, after passing through the otio 
ganglion, joins the auriculo-temporal branch of the fifth cerebral nerre, 
and, with it, is distributed to the gland. The nerves by which the stimu 
his ordinarily cxtiiting Bt>cretion is conveyed to the mctlulla oblongata, are, 
OB in tho case of tho submaxillary gland, the fifth, and the glossopharm*^ 
geal. The pnonnuipwlric nervea convey a further Ptimulu*) to the secre- 
tion of saliva, when food has entered tiiw stomach; the nerve centre is thd 
same oe in the case of tlie !>iibmaxillary gland. 

Changes in the Gland Cells.— The method by which the Balirarf 
cells prodnce the serR-tion of Biiliva appears to be divided into two 
which differ somowlmt according to tho clase to which the gland b 
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TUL, (1) the tme floliTAry, or (2) the mucoua type. In the former cam, 
it hud been noticeil, as ha» been alreiuly de^ribed (p. H'iS), that diirinf; 
tbe K«t which folIowB an active secretioti, the Inmen of the nlvcoli be- 
emnes smaller, ihe gliind ^^-ells larger, hikI vury gruiiuhir. Duritig sevrc- 
lion the alvtioli and their etdla bccutne sinallor. and tliH granular apprnir- 
ancc in the Litter to a comiderable extent diHip})enrs, und at the end of 
•ccivtiou, tlie i^rauulcsi are cunGiiud to the inner part of the cell nearetit 
the Inmen. which is now quite distinct (Fig. 171). 
It is supjio&ed from these appearuucu8 that the lirst stage in the act of 
secretion conaists in the protoplasm of the salivary cell taking iip from 
thf lymph certain matcriaU from which it nuinnfnclnpcs the elements of 
it£ own secretion, and which are (tti)re<l up in the form of gmniitca in the 
the second stage couaititing of the actual discharge of 
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these granules, with or withont previous change. The grannies ore Lakcn 
to represent the chief sntK^tiinec of the salivary eocretion, i.e., the Ternient 
ptyulin. In the case of the submaxillary gland of the dog, at any rate, 
tlw sympathetic nerre-Qbre^ ap}>ear to have to do with the hnt stage of 
the proce«8. and when Bttmiiktcd the protoplasm is extremely active in 
Duumfacturing the granules, whereas the chorda tympnni i» concenit'd in 
the prodnction of the second act. the aotnal discharge of the matcriatit of 
secretion^ together with a considemblf^ amount of fluid, the latter being 
an actual secretion by the protoplasm, us it ceasea to occur when atropin 
ha£ been enbcntaneously injected. 

In the niQcotu-noreting gland, the changes in the cells during secro- 
liun have been already spoken of (p. "i'M). They consist in the gradual 
secretion by the protoplasm of the cell of a sabstance called muciffrn, 
which is converted into miirin, and discharged on secretion into the canal 
of Ihe alveoli. The tiniiri(jen is, for the most jwrt. collected into the 
inner part of the relU during rest, pressing the nnclons and the small 
portion of the protoplasm which remains, Hgninst the limiting membrano 
of the alveoli. 

The proctts of soRretiou in the Ntlivary glands is identical with that of 
glands in general; the colls which line the ultimate bmnchcs of the ducts 
being the agents by which the Hj>e<-)al constituents of the saliva ore formed. 
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The materials which thoy hare incorporated wit)i LhemseWes ore alniGtt 
at once given up again, in the form of a fluid (secrutiou), which eeci{wi 
from tho ducts of tht'^ glund; and the cells, themselves, undergo disiute- 
gmtion, — again to He i*eiiewed, in the inten'aU of tlie active exerci»<if 
their functions. Tho sourco whence the cells obtain the materiuli of 
Iheir accretion, is the blood, or, to apeak more accnmtely, the plumi. 
which is filtered off from tliu ntrculating bloud into the interstices of tlw 
ghinds OS of all living textures. 

Tub Phaktkx. 

That portion of the alimentary canal which interrones betvoen Lbi> 
mouth and the cosopliagiis is teimed the Pharynx (Fig. 165). It will 
suffice here to mention that it is comrtrucled of » 
8oric« of three muselcR with Btriated fihroo {eomtriet- 
Qrs), whifjh are covered by a thin fascia extemallj, 
&nd are lined internally by a irtrong (awia (phiirn- 
geal aponeuroBis), on the inner afl]>eci of which ii 
areolar (submucous) tittsne and mncous membnuie. 
oontiunous with that of the mouth, and. as reganU 
the part concerned in swallowing, is identical witt 
it in general stnicture. The epithelium of thi« pirt 
of the pharynx, like that of the month, » stnttifipd 
and sr|uamniifl. 

The phorvnx i^ well supplied with mucoaB glandi 
(Fig. 174). 

The Tonsils. — Wetween the anterior and jiosterior archee of the soft 
palate arc situated the Tonnih, one on each side. A tonsil conaista of aii 
elevation of the mucous membnine presenting Vi to lo orifices, which laid 
into crypts or recesses, in the walls of which are placed nodules of adenoid 
or lymphoid tissue (Fig. 173). These nodulen are enveloped in a ten 
dense adenoid tijWHe which reachea tho mucous surface. The surface iJ 
covered with stratified squomonB epithellunr, and the Bnl>epithelial <v 
mucons membrane prwper may present rudimentary papilte formed of 
B<lenoid tisnup. The toneii is hounded by a fibrous capsule (Fig. ITS, *l. 
Into the crypts open n number of ducts of mucouti glands. 

The viscid secretion which exudes from the tonsils uenreB to Inbricate 
the bolus of food as it passes them in the second part of the act of deglati* 
tion. 



Flo, IT^.— TJngw*! fol- 
UdcorctTpt' (1. inv'ilU' 
lion of mu'.iniB mnn- 
btmnm wlih iu |)a|>lllR'; 

■evrral lynit;ihold ttt*. 
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The CE80PHAOC3 or Gullet. 

The (Empk<t<jm or flullet (Fig. 16S), the narrowest portion of thai 
fllimcntary c-anal, is a muscular and murona tube, nine or ten inches iaj 
length, which extends from the lower end of the pharynx to the cardiaol 
orifice of the stomach. 
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Structure. — The a?eop1iagU8 is made up of three noaU — viz., the outer. 
tnuacuUtr; the miildle, aubmucout; and the inner, mucoue. The »iu«- 
cutar coBt (Fig. 175, y and is covered oxlemally hy a varying amount 
of looae fibrous tissue. It is composed of two layera of fibres, tht; outer 
bviog MTVuigeil longitudinnlly, and the inner eirrularly. At the upper 
part of the cFSopbu^iB tliis coat ie made up principally of striated muscle 
fibres, na they arc continuous with tliu coniitrictormnscleitof the phitrrnx; 
It lower down the unstriatcd fibres become more und more numerous, and 
'toward the end of the tube form the entire coat. The muscular cout is 
connected urith the mucous coat by a more or less developed layer of 
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na. m— Tvrttatl irctlfnt Uiraucb ft crrpt 'A tlic hurnfto totudl. a, ilnawu to llip ttypt, wUcb 
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areolar tiaaae, which forms the fubmucotif coat (Fig 179,/), in which is 
contained in the lower half or tlurd of the tube mnuy mucous ^'loiids, the 
liiictt of wiiich, iMwsing IhrouRb the muooua membrane (Fig. 175, c) open 
on its surface. Separating this coat from the mucoua membrane proper 
h a well-deTelopcd layer of longitudinal^ unstriated mnaclc (tl), called 
the tututculari* murnAm. The mucous membrane iacompoecd of a closely 
felted mesbirork of fine connective tissno, which, toward the surface, is 
clevateil into rudimentary piipillfp. It is covered with a stratified epithe- 
lium, of which the mrxit aujK'rUciHl layers are etiuanioua. Tliu epitbultuin 
if UTtnged upon a basement membrane. 

In newly-born children the mucous membrane exhibits, in many parts, 
tlie itTDctnre of lymi)lioid tii^ue (Klein). 

Blooil and lympli veseeU, and nenroe, are distributed in the walls of 
the CBMphagna. Between the outer nnd inner tayen of the muscular coat, 
nerw^nglia of Aucrboch arc oUo found. 
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DEOtVTITIOS OR SWALLOWIXO. 

When properly maetieated., the food ia transmitted in BQCCemre fvt- 
iiona to the AtoniHtih by the act cf degUtiUioH or swalicucing. Thi», ica 
the purpose of description, may be divided into three acta. In the fint, 
particles of food collected to a morwe] are made to glide between the mr- 
fucx; of tlift tongue nml the palatine an.-h. till they have passed the antonor 
arch of the fauces; in the Becond., the morsel is carried tbroagb iLe 
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Flo. 1"1. Sw-ilon i.if amueow ({land fWim ihi' ii.inif(i»-. A. "iK-ntriic o( the duel no Mtf (!*« ! 
fftCi-: 0, hani'nirnt iiii-inhi-ali'- hUIi iiiu:l<-k; I). 11iilt«-n»l r-T>ilhi-11nl ai'lN tliiinii itiii-t. TIh- iliK-t iHvlilail 
Into utTiTal liraiiWii-H. uhii-li nii' i-i-jninliiitil luifl riiil lilliiiilv. U-iii^ Dni'ii IbiMiiciiuut liv ojltmu 
epitlMliiiDn. D. lunirikof KiiriFr UxMiitiibli orth<.-eiiu>ci. > k) (Kirtiiiuiil Ni.i.li'Kiiiiiii r 

Fia. liD.~lAin|cltiiiliiiiil wi'()i>ii i>f ■■■wi]!ha.)iit«<>f n iK'<)( Dwnnl ilii- l<mi-r>M»l. ii. ilmliftMlriiltti*' l 
liuni of tli« mucoud iin-uilirjuii': h. iniiiMu-. mrnihraiu- juxiprr; e. itiid of mnri«i» ctniiil: ■*. uiuniti-J 
laris Riucump: c, inu<vuB rIdihIb; /. ■-iihniuinnuit'cini: g. oIivuIm- iim»cuJ«r la.\>.'r: A. inlrnnw -'^ 
lAjm. in whiL-h if) L-i>ntnln«l Uit.-rni>Kli«iit^[lM'<!AiJcrhadi: i. lua^luiliuni muH.-iiliirlayri'; i, i 
]nre««]oviiiCofObnnitillsBu«. », Iw. i V, U. H»rrt».; 

j>liarynx; unit in the third, it reaches the stomarli tbrougli tho oesophafn>b] 
These three acts follow each other rapiilly. (1.) Tlio first act of deglulitioE 
may Xte volimtary. although it is usually performed nneonBciously: the' 
morsel of food, when sntfictently mMtieatcd. beiii^ preesed between the 
tongue and pnhite, hy the agency of the muscles of the former, in sncu 
a manner a« to force it back to the entrMnee nf the pharynx, [t.) Tlie 
second act u the most conii>li('u.tcil. because the food mnst ]misb by the 
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tenor orifice or tlie noee rihI tlu' ujiiwr ojwning of the larynx without 

Klouchiiig them. When it lias bcoii brought, Ijy tlic llret ami. between tlic 
Ulterior orcbes of the poluto, it U niovL-d onward by the morcmcnt of 
tbe touguc buckwunl, and by the utisctes of liio anterior arches contract- 
ing ou it and Iheii Ix-hiud it. The i"oot of the tongtie l»eing retracted, 
and the luryux being raiijed with the pharynx and carried forward under 
tlie base of tlie tongue, the epiglottic is pressed over the npper opening 
of the loTi-ux, imd the morse) glides puHt ii; the closure of the glottis 
being oilditionally M-cuml by thesimultunooiiscontraetion of its ownnius- 

^.oleii: 8u thai, even when the epiglotiis is destroyed, there is littk danger 
of food or drink posfiing tntu the lurjnxeo long as it« musi-Ieii can uct 
freely. At the same lime, tlie raiHing of the eoft jmlute, so tliat its pOB- 
terior edge touches the back j>art of the pharynx, iind the approximation 

LQf the sides of the posterior [xilatine aivh, nliicb uiove quickly inward 
like Mde cartainn, close the piissHge into the upper pnrt of tlie ])h»rynx and 
the itoeterior nores. and form an inclined plane, along the under anrfaoe 
of which the morsel descends; then the phiirynx, miBe<l up to receive it, 
in its turn oontracts. nnd forces it onward into the opsopliagus. (3.) In 
the third uct, in which the food pasaen throngh the o^ophagus, every 

I port of that tube, as it recoircg the morsel and is dilatcil by it, is stimu- 

to contract: hence an undtilator)' contraction of the ce8o]>biigU8, 

rhich te easily observable in horaes while drinking. pi-oceuiU rapidly along 

i tlie tube. It is only when the morsels swallowed are large; or taken too 
fjuickly in succMnon, that the progresaive eotitraction of the a-sophagng 
u 9I0W, and attended with pain. Division of both pnenmogoetric nerves 
paralyzes the contractile power of the oeflophngua, and frxkl accordingly 
accumulates in the tube. The second and third parts of the act of deglu- 
tition ore involitntary. 

Nerve Mechanism.— The nervoa engaged in the reflex act of deglu- 
tition are: — teu^ifiy. branches of the filth oercbral supplying the soft 
palate: gloKfio-pliaryugeal. sujiplying the tongue and pban>*nx; the bujw- 
rior lurynge:)! branch of the vagus, supplying the epigloltiK and the glot- 
tis; while the motor 6bre« concerned are; — branches of the fifth, supply- 
ing part of the digastric and mylo-byoid muscles, and the muscles of 
masticallon; the facial, supplying the levator palati; the glosso-pharjn- 
geal, supplying tlie niuscl(» of the pharynx; the vagus, supplying the 
muscles of the larynx throngh the inferior laryngeal braneli, and tlte 
hyiwglosflal, Uie niuwies of the tongue. The nerve-centre by which 
the muscles arc barmonixed in their action, is situate in the medulla 
oblongata. In the movements of the tesophagos, the ganglia contained 
fn Its walls, with the pueuxnogastric*, are the nerve-structures chiefly 
eonccmeit. 

It is important to note that the .twallowing both of food and drink is a 

Imtucular act, and can, therefore, toko place in opposition to the force of 
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gmvity. Thus, harses and maiiy oilier aiiimaU habitually drink np-hill, 
and the satno feat eiui be purforniGil by jugglers. 



TitE Stomach. 

Ill man and those Mammalia w)iich are provided with 8 single atomucb, 
it consists of a dilatiiMon of the aliDicntary canal placed bet ween am! con- 
tiniions witli the (paophiigus, which entcTB ita larger or cardiac end on the 
one hand, and thu small iui^Rtitie, wliidi cotiimerices uL its narrowed end 
or pyloi'u&, on the other. It varies in ehapo aud eizo according to its 
state of distension. 

The ilnmiiiendf (ox. fihcGp, deer, etc.) possess very complex stomachs; 
in moat of them four dtst.i:iLt cavitiiis are to he distiiipuishf*! (Kig ITfi). 

1. Tlic I'luoirfi or Rumen, ii very large cavity which occupies the car- 
diac end. and into which large quantities of food arc in the tlrst instance 
swallowed with little or no mastication. 3. The RHiculiim, or Nonty- 
c«w*i stomach. BO called from the Tact that its mucous, inenibrane ia dia- 
poeod in a number of folds enclosing hcxuguual cells. 3. The F^aUeriKVi, 




Tvi. ITV.— fttciiniich of HtiKp. <r. rcwv>phiurwi: Ku. rurai'a: lirt. nnkuliuii; F*. pnAllurtum, or 
niAiij-plIn; A. vifnoamuat; liu, duudtruuui : ff, Kmura tnm\ unupttitgiiit Ut imaltrTliint. iKiixIrf.) 

or Matii/pliejt, in which tlio mncona membrane is arranged in very promi- 
nent longitudinal foKls. *. AhomaJHim, Jieed, or Uennei, narrow and 
elongated, its niucoiifi membrane being inneh more highly vascular than 
that of the other divisionfl. In the prof^csa of nimination small portions 
of the contents of the rumen and retiruhim are successively regurgitated 
into the mouth, and there thoroughly niantirated and insalivated (chew- 
ing the cudl: they are then again Bwallowed. being this time directed by 
a groove (which in the figure is seen running from the lower end of the 
<i>sophagns) into the manyplies. and thence into the alwnuisum. It will 
thtifi 1)6 seen that the first two stomachs (paunch and rtticulnm) hare 
chiefly the mechanical functions of storing and moirttening the fodder: the 
thii-d (manyplies) probably acts as a strainer, only allowing the finely 
divided jiortious of food to pass on iiito the fourth stomach, where the 
gautrii; juice is eecrett^d and the process of digestion carried on. The 
mucous membrane of the firNt three etoniachs is lowly vascular, while that 
of the fourth is pulpy, ghindnhir, and hiphlv vascular. 

In some otljer nnimalt^, as thu pig. a similar distinction obtuns between 
the mucous membrane iu diRerent parts uf the stomach. 
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In the pig the fflattds in the oardiac end iire few and email, while 
townrd the pjrlonis they are nbuiidunt mid large. 

A Blmilar divieion of the sLomiich into » cardiac (receptive) and a 
pyloric (digestive) part, foreshadowing the complei Btomach of ninii- 
nant?. i& eeen in the cummon rut. In which these two divisions of the 
fctornach are distinguished, not only by the charactefB of thoir lining 
membrane, but aUo b^ a well-marked conBtrictioti. 

In birds the function of mnfiticatioTi is performed by the Btoniacli (giz- 
zard) which in granivorous orders, e.f/. the common fowi, poseesaea very 
powerful muscular walls and a denBo Horny epithclinra. 

Structure. — Tho stomach is compoeod of foTir coats, called resiwc- 
tively — an external or (1) peritoneal, (2) muscular, (3) ^ubmiieo-us, and 
(4) mucous coat; with bloud-vosm^Is, lymphatics, and nerves distributed iu 
and between tlicui. 

( 1 ) The peritoneal coat has tiie strncture of sernug membranes in gen* 
oral (p. 319). (1) The muscular coat consiBts of three separate layers or 
seta of fibres, which, according to their several directions, are named the 
longitudinal, circular, and oblique. The longitudin/ti eet are the most 
eupcrficial: they arc continuoiia with the longitudinal fibres of the tpsoph- 
agus, and spread out in a diverging manner aver the cardiac end and 
sides of the stomach. They extend as far a» the pylorus, being egpecially 
distinct at the lesfier or upper cnr\'ature of the stomarh, ulong which 
they pnaa in several strong hands. The next set arc the circular or tranit- 
rerse (ibres, which more or less completely encircle idl parts of tho 
Btomach; they arc moat abundiuit at the mirldleand in tliu pyloric portion 
of the organ, and fonn the chief part of the thick jirojecting ring of tho 
jiylorus. Tht;se fibres are not simple circles, but form double or fignre- 
of-ti loops, the fibres inter&ycLing very obliquely. Tlie next, and con- 
w«|uently deepest set of fibiw, are the obltqui'., continuous with the cir- 
cular muscular fibres of the ccsophagnH, and haii-ing the same doukle- 
bwfied arningeinent that prevails in the prece<ling layer: thoy are com- 
paratively few in number, and arc placed only iit the canliac orifice and 
portion of the Btomach, over both surfaces of which they arc spread, Bomo 
passing obliquely from left to right, others from right to left, aruund the 
caniiac orifice, to which, by tlieir interlacing, they fomi a kind of 
Bphincter, continiions with thataronnd the lower end of the o^ophagus. 
Tlje muscular fibres of the stomach and of the intcstimil canal are urm/ri- 
tt/eff, being roinpose*! of elongated, .spindle-shaped (ilm^-cells. 

(3) and (4) The inur.ou.fi turm/ir/inn nf the Btomacli, which rests upon a 
layer of loose cellular membrane, or subniurmtii tissue, is smooth, level, 
scft, and velvety; of a pale ])ink color during life, and iu the cuntractod 
stale thrown into mimerouF, chiefly longitudinal, folds or rngie, which 
diwippttar when the organ is distended. 

The basis of the mucoutt menihi'nne is a fine connective tissue, whtct 
approaches closely in structure to adenoid tissue; this tissue pupporLs tl 

~ Vol. 1.-16. 
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lubiilurglaods of which the HUperficiti] and chief part of the mnooai 
membrftno i& com\wse(l, tiiiil pniising up between them oaetsta ia btodinj; 
them together. Uero and there ore to he fouud in tbiscout, JmmediiU-b 
uuderneulh tlie ghtiid^ man^i'tf ol udeuuid tissue sufficiently' mErkei] to 
be termed by some lymphoid folliclee. The glands are separsted Itdd 
tlie rest of the mucous membi-ane by a very fine homogeneous bMemeat 
membrane. 

At the det'pest part of the mucous membrane are two layore (circnlirwii 
longitudinid) of unstrtpcd miiaciilar fibres, called ttie mvf/mhri-g munxw, 
■which Bcparote tlie mucous membrane from the acanty Bubmueona tiasuc 

AVheri examined nitli n lens, ilie internal or free surface of the stomach 
presents a pceuliar houeycoinb ap]>oarance., produced by shallow {lolygti- 
nal depressions, the diameter of which varies generally from ,1^ th to 
yl^th of HU inch; but near the ]>yl;oni>t is as much as xlv^^ of an IdcL 
They are separated by ehgiitly elevated ridges, which sometimes, especiall; 
in certain morbid Mates of the stomach, bear minute, narrov vascolm 
processea, which look like villi, imd have given rise to the erroneous mi>- 
position tliat the »toiniu:h has absorbing villi, like those of the small in- 
tostincB. In the bottnm of these little pits, and to some extent between 
them, minute openings are \'tsible, which nre the orifices of the dncts of 
perpendicularly arranged tubular gluuds (Fig. 177), imbeilded side \>j 
aido in sots or bundles, on the eui^aco of the mucous mombraoe, and 
compoeiug nearly the whole structure. 

Gastric Glands.— Of these there are two varieties. («) Peptic. (5) 
Pyloric or Mucon.«. 

(a) Pfptic glands arc found throughout the whole of the stomach exwpt 
at the pyloinis. They are arranged iti groups of four or five. Trhich arc 
separatiKi by a fine connective tissue. 'I'wo or threo tubes often open intft 
one duct, which forma about a third of the whole length of the tulw am! 
opens on the surface. The ductal are lined with columnar epithehom, 
Of the gland tube proper, ('.c, the part of the gland below the duet, the 
upper third is the ne<-k and tlie rest the liody. The neck is narrower 
than the body, and is lined with granular cubical cells which are continu- 
ous with the columnar ceils of the duet. Between these cells and ihe 
niemhnma propria of the tubes, are largo oval or epherioal cells, opaque 
or granular in appearance, with elcaroval nuclei, bulging out the mem* fl 
brana propria; tlioso cells are called pepiic or paridal cella^ They do not 
form a continuous layer. The body, wlueh is bivader than the neck aud 
terminates in a blind extremity or ftindus uear the mnecularia mnoosB,, 
is lined by cells continuous with the cubical or central cells of the neck 
but longer, more columnar nnd more transparent. In this part are a fe 
parietal cells of the same kind as in the neck (Pig. 177). 

As the pylimiB is approac^hed the gland ducts become longer, and the 
tnbe proper becomes shorter^ and uccaaiunally branched at the fandns. 
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(A) Pyloric Gland*. — ^Theee glands ( Ptfi:. 179) hare much lonpnrducU 
the peptic glands. Into each duct two or three tube* open by very 
8&ort and narrow necks, and the body of each tube is bratiched. wavy, 
and eonvolutcd. The lumen iis very large. TUc ducts are lined with 
oolnmiMir epithelium, and the neck and body with shurterand more gnia- 
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no. IT7— l'>aaiaTCrUadnellaBUinuirhUi'>iminaminembraDeotlhr(«riUttcpndflf iitAraMJi. 
Tw«pPfMto'|tlH>UaM>ibcmn wKh«da0tanniTii«ii tiilxxh oii*|[kiKlcat>'lu r>rt- ". ■■■k-i i>ti)i<oil- 
■■MHr«pJll>elluinbcoaaliicibon<rMtlwoc-UK on- traced downward; n, wck of gUiul tnbM. wlUi 
anatr«lMMt|wrt««aJorao«ftUMlp«pUc«*4l>: 'sfunduit wlUiciirMdaMalKdnanltj— UwurMalopUa 
an aol M noMroua bare, x mU. (Kk>U aod Mohto Snllb.) 

Tta. IT*.— Tnaaanww atctlnn ttmntKb low part of peptic standi ot m caL a, vptie calbi *, 
■uD«pliM««ilalorciiUoal«aUB: c moanvw aaoMiNi of frnptnartes. iP»t.) 

Fen. ITS.— AactiiMirfnalncUMprlario (lank. K,tTwBwatitacr;rt,Aitc*matpfioeia^Mtid4;n,artk 
JiItcdU: m m. nuWNWrii laUcoatB. iKkmaud.vobleBnhtL.) 
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ahir cubical eellB, which correBpond with the centra] cells of the peptio 
glands. During secretion the cells beoomo, as in the cose of the peptio 
glands, larger and the granules restricted to the inner zone of the ccIL 
Ai tboy approach the duodenum the pyloric glanda become hu^-r, more 
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convoluted and more deeply situated. Tbej are directly continuoui with 
Bnmuer's glaiida in the duodenum. (Watuey.) 

Changes in the gland cells during secretion, — The chief or cubical o«lli 
of the peptic glands, and the corresponding cells of the pyloric gisndt 
during the early stage of digestion, if burdened in alcohol^ appear swoUca 
and granular, mid etnin readily. At a later stage the oells beconw 
emaller, but more granular and stain even more readily. The poriettl 
cellB swell up, but are otherwise not altered during digestion. The gnn- 
ulu«, however, in the iileohol-hardened speuinien, are believed nut to exiii 
in tho living celtB, but to have been pnx-ipitated by the bturdening re- 
agent; for if examined during life they appear to be confined to the inner 
xone of the cells, and the outer zone is free from granules, whereas during 
rfcst the cell is granular throughout These granules are thought to be 



Tm. t9BU-JlBB.<iftt»Mi)0J*»i*" l'"f '(>" HO.itiiuli, hk ih-v \r„-al\ he ticen In ■ 
a, artrrtcA, puitBf Up t^O>a IIh vr.-m-l.t nf -nitimnifJUH n-ai : ^. rnpllladnt bnuicMllf 
Mround ihvninM; •,«iip»cndal pk^iu <>r iiiiiiJlDrn-KL-i-iDiniri^- tlx.- rliljCMinf the muMM. 
4. v«4n fonnMi br tbe union of vebu nlikli. hii\int! I'Jbiiiil Uio hloud of the ouperadAl cuflBtrT 
piMnia, ftrs BMi pOMdng dowti tietwnio Ihi- iuImth. ibrini'iu-i 

pepsin, or the substance from which pepsin is formed, ptpsinopen, which 
is during rest stored chieHy in the inner zone of the cells and discharged 
into the lumen of the tube dnriug secretion. (Ijingley.) 

Lymphatic. — Lymphatic vessels surround the gland tubes to a greater 
or lofls extent. Toward the funfUis of thn peptic glands are found masses 
of lymphoid tissue, which miiy appear oa distinct follicles, somewhat liks 
the solitary glands of the small intestine. 

Blood-vnsels. — The blood-Tesaols of the stomach, which first break np 
in the submucous tissue, send branches upward between the closely 
pocked glandular tubes, anastomosing around them by means of a fins 
capillary network, with oblong racshcs. Continuous with this deeper 
ploxua, or prolonged upward from it, so to speak, la a more superficial 
network of lai^or capillaries, , which branch densely" around the orifices 



of the tnbM, and form the framework on vrhich nre monMed the small 
elerftled ridgee of mucous membmne boundiug the minute, polvgonul 
pit* before referred to. From thU superficial network tlie veins chiefly 
take their origin. Thenoe paaing dovn bctwocn the tubes, vith no very 
free connoction with the deeper inter-htbular capilluni' plexus, ibey opeu 
filially into the Tenotiit network in the suhmncoua tifume. 

Serves. — The nerves of the stomach are derived from the pneumo- 
gHftric and eynipulhelie, uiiU form h plexus in the submucous auU mu8- 
oalaroost8, contaioiiig many ganglia (Humak, Meiwner). 
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Gastric Juice. — Tlie functions of the stomach arc to sccpetc a digea- 
tire fluid (gastric juice), to the actiuu of whiuU t.he fuuil is next subjected 
after it luts entered the cavity of the stomacJi from the oesophagus; to 
thoroughly incorporate the Quid with the food by means of its muscular 
movements; and to absorb 8uc}i Bul>etanco^ as are cap^iblc of absor])tiun. 
While the stomach contains no food, and is inactive, no giu<tric fluid is 
wcreted; and mncus, which is cither neutml or slightly alkaline, covcm 
iu snrfacc. But immediately on the introdnctiou of food or other anh- 
•tanoe the mucous mombrane, previously quite pale, bfcomca Bliglilly 
targid and reddened with the inlluicf a birger quantity of blood; the 
gustric glands commence secreting uctirc-ly, and an ai;id fiuid is poureil 
out in miuut* drops, which gradually run together and flow down the 
I walls of the stomach, or soak Into the substances within it. 
■ Chemical Composition of Gastric Juice.— The first accurate 
^nnaljsisof gastric juice wuh made by Prout: but it doe.« not nppcitr to 
^nHTe been collected in any largo qunntity, or pare and 6o|varatc from fuod, 
tmttl the time when Beaumont vm enabled, by a fortunate cirtrunintanoe, 
to obtain it from the stomach of a man named St. Martin, iu wtiom there 
cxistod, as the result of a gumihot wound, an opening leading directly 
into the atoumch, near the upper extremity of the great cur>'ature, and 
three inches from the cardiac orifice. The introduction of any mechanical 
irritant, such as the bulb of a thermometer, into the stomach, excited at 
once the secretion of gastric flnid. This was dniwn off. and was often 
obtained to the extent of nearly an ounce. The introduction of aliment* 
arv Bnbstaaeea caused a much more rapid and abundant secretion than 
did other mechanical irritants. No increase of temperature could be 

»detectt>d during the moet active secretion; the thernionietcr introdnccl 
tnto the stomach always stood at 100° F. (37-8' C.) except during mnscu- 
kr exertion, when the temperature of the stomach, like that of other 
irts of the body, rose one or two degrees higher. 
The chemical composition of hnman gastric juice has been aluo in- 
by Schmidt. The fluid in this case was obtained by muonsof an 
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accidentnl gofitric fiBtiila, which existed for bctctbI years below the left 
niamniHrv region of a patient between the cartilages of the ninth mH 
tfliith ribB. The mncous membrane wasescitcci to action by theintrodn& 
tion of some bard niutWr, such an dry petui, and the secirtion was n-muvrd 
by means of an elastic tube. The fluid thns obtained was found to be scid, 
limpid, odorless, with a mawkish taste — wllh a spec i fie grarity of WYi. 
or a little more. It contained a few oclU, seen with the microscope. m\ 
Bome fine granular matter. The analysis of the fluid obtained in thii i» 
given below. The gastric juie© of dogs and other animals obtained by 
the introduction into the stomach of a clean sponge through an artifi. 
cially made gaetrit^ flBtula.. ehows adecidetl difference in compoeition, but 
possibly thiB is due, at least in part, to a<lmL\iure with food. 
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Solidit 



Chemical Composition op Gastric JtncE. 

Dog*. 

97117 

28-82 



Solids- 
Ferment — Pepsin .... 17"3 
llvdrochloric acid (freel .... 2*7 

Salts- 
Calcium, sodium, and potassium, chlorides; and 
calcium, magnesium, and iron, phosplmtes . 8-57 



Humu. 

994-4 

5 3B 
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The quatititij a{ gastrio juice secreted daily lia^ been variously i<«ti- 
mated; but the average for a healthy adult may be assumed to range from 
ten to twenty pintH in the twenty-four hoiira. The acidity of the tlaid is 
due to free hydrochloric acid, although other acids, e.g., lactit:. aceiicM 
buiffric. arc not unfrequently to be founil therein ati products of gastrie' 
digestion. The amount of hydrochloric acid varies from a to "2 per 1009 
parts. In healthy gastric juice the amount of free acid may be m mnch 
as '2 per cent. 

As regards the formation of pepsin and acid, the former la prodnml 
by thi) ccntnd or cliicif colls of the peptic glands, and also most likely by 
the similar cells in the pyloric glands; the acid is chiefly found at tho 
surface of the mucous mcmhranp, but is in all probability formed by tliS' 
secreting action of the parietal cells of the peptic glands, ae no acid ii 
formed by the pyloric glands in which this variety of cell is absent. 

The ferment Pepsin (p. a46) can be procured by digesting |»ortioE» 
of the mucniiB mcmbnine of the utoinnch in cold water, after tbey bate 
been macerated for some lime in water at a temperature 80° — 100® F. 
(27"* — I'iT'K^C). The warm water diaaolvea various substances as well 
AS 8ome of the pepsin, but the cold water takes up little else than pepsin, 
which is contained in u greyish -breu'n viscid fluid, on evaporating tha 
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The a«ldition of alcohol thi-owa down the pepfrin in jrrcyish- 
uli. (ilycerine also liaa the propcrt}' of diseolriug oui thu fcr< 
moiit; uDd if the mocoua inciiibrane be findj' minced and the moisture 
nHive<t by abeolute alcohol, a povorful extract may bo obtained by 
rowing into glycerine. 
Functioas. — The digestive power of the gastric juice depends on the 
iOdftcid containtMl in it, both of which are, under ordinary cir> 
Veccasary for the proeoas. 
The general effect of digeation in the stomach is the conversion of 
the food info rfujme, a sabstance of various Mm|>oBition acw>pding to the 
nature of the food, yet always presenting n characteristic thick, pultace- 
ona. gmmous consistence, with the undigeeted portions of the food mixed 
in a more fluid eubetance. and a strong, diengraeable acid oilur and taate. 
The chief function of the gastric juico is to convert proicidn into pep- 
toties. Tliia action may be shown by atlding a little gastric juice (uuttiral 
r artificial) to some dilnted egg-albumin, and keeping the mixture iit a 
roperature of about 100* F. (37-8° C); it is aoon found that the albu- 
min cannot be precipitated on boiling, but that if the solution be neutral- 
ized with an alkali, a precipitate of acid-albumin is thron-n down. After 
a while the proportion of acid-albnmin gradually diminii^hes, do that at 
last ararcely any precipitate reBiilts on neutralization, and flnidly it is 
found that all the albumin hoe been changed into another protcid sub- 
stance which is not precipitated on boiling or on ueutniUxation. Thia is 
ealled peptone. 

Characteristics of Peptones. — Peptones have certain characteristics 
which distinguish them from other protcids. 1. They are diffutibU, i.e., 
they possess the proiwrty of passing through animal membranes. 2. 
They cannot be precipitated by heat, nitnr, or acetic acid, or potassium 
ferrocyanide and acetic acid. They arc, however, thrown down by tannic 
acid, by mercuric chloride and by ]>icric acid. 3. They are very Boluble 
in water and in neutral saline solntions. 

In their diffuaibility peptones differ remarkably from egg-albumin, 
on this diffusihility depends one of their chief uses. £gg-albumiii as 
lucb, even iu a state of solution, wonld b« of little eerric« as food, inas- 
mnch as its indiffusibiliiy would effectually prevent its passing by absorp- 
tion into the blood-vesacls of the stomach and intestinal canal. Changed, 
however, by the action of the gastric juice into peptones, alhnminoiu 
matters diffuitt readily, and are thus rjnickly absorbed. 

After entering the blood the peptones arc very soon again modified, 
so as to re-assume the chemical characters of albnmin, a change as neces- 
aary for preventing their diffutting out of the blood-vosseU, as the previous 
change was for enabling them to pass iu. This is effected, probably, in 
great part by the agency of the liver. 

Products of Gastric Digestion.— The chief prodnct of gastric 
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digestion is undoubtedly peptone. W& Imve seen, however, in the abort 
experiment that there is s by-product, and this ii almost identical witb 
syntonin or acid albumin. Tliis body is probably not exactly identioii, 
however, with syntonin, and its old name of parapeptone had better b« 
retained. The conversion of native albumin into ucid albomin nuyl<c 
effected by the hydrochloric lutid idone, but the furthi-r action is midonbt- 
edly duo to the ferment and the acid together, a& although under bi^li 
pressure any acid sohition may, Lt k Buid, if stroag enough, produce tbe 
entire convei'^icin into jKjitone, uniier the condition of digeetion in tbc 
stomach this would be quite iiuposaible; and, on the other hand, pepon 
will not atrt without the jirefleuce of acid. The production of two fortni 
of peptone is usually recognized, called respectively rt»i/i'-peptone atid 
A^rai-pcjitone. Their ilifTerencea in chemical properties have not yet been 
made out, but they arc distinguished by this rcmnrkablo fact, that the 
pancreatic juice, whilo posseesing no action over the former, is able to 
convert the latter into Inucin and tyrnsin. Pepttin acta the part of a 
hydrolylic fcnuent (proteolytic), anil appears to cauao hydmtioc of albu- 
min, peptone being a highly hydrated form of albumin. 

Circumstances favoring Gastric Digestion. — 1. A temperature 
of about 1C»0' F. (yry C); at 32* F. {(f C.) it is delayed, and by boil- 
ing is altogether stopped. 2. An acid medium is ncccBsanr. ITydro- 
chloric is the best acid for the purpose. Excess of acid or neutraliMtion 
stops the process. 3. The removal of the products of digestion. Excea 
of pfiptcne delays the action. 

Action of the Gastric Juice on Bodies other than Proteids. 
— All [)n>teids Bru (.'onvi-rteil liy tlio gastric juice into peptones, and, thti*- 
fore, whether tlioy bo taken into the body in meat, eggs, milk, bread, or 
other foods, the resultant still is |>ept-one. 

iViik is curdled, the casein being precipitated, and then dissolved. 
Tiie curdling is due to a special ferment of the gaatric juia» (cunlling 
ferment), and is not duo to the action of the free acid only. The effect 
of rennfit, which is a decoction of the fourth stomach of a calf in brine, 
has long been known, tu it is used oxteneivoly to cause precipitation of 
ossein in oheese manufacture. 

The ferment which produces this cnrdling action is distinct from 
popsin. 

OelatiH is disBolved and changed into peptone, as are also thondrih 
and eimtin; but mucin, and the horny tissues, keratin generally are un- 
affected. 

On the amylaceaiiit articles of food, and upon pure oUag\nou9 prin- 
olplat the gastric juice has no action. In the case of adipose tissue. it4 
effect is to disHolve the aruohir tissue, albuminous cell-walls, etc., whicli 
enter into itn composition, by which means the fat is able to uuugl« 
more uniformly with the other uoustitaeuts of the chymi. 
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The {jiaatric floid Acts ns a general Bolrent for some of the natiNr con- 
•tituenU of the food, as, for exuniplc, particles of common salt, wbich 
may happen to have ceca^d solution in the saliTa; while its acid may 
en^lo it to disaolre some other milta which ai^ iiim>lnhle in tho latter or 
in water. It also tiJesotvos cane suyar, and by the aid of its mucus caiued 
its convorsion io part into grape sugar. 

The action of the gaxtriu juii;e Ju preventing and chocking patrefac* 
tion has been often directly demonstrated. Indeed, that the wcrotions 
which the food meets with in the aliuientar}* canal are antiseptic in their 
action, i* what might be anticipated, not only fron:i tho proneneas to de- 
composition of oT^nic mail«ni, Kurh as thoge us^^d as food, especially 
□nrlor iho influence of warmth and raoiBiure, but also from the well- 
known tact that deuomiiusing Qesh {e,g., high game) may be eaten with 
impunity, while it would certainly cause di&ease were it allowed to enter 
the blood by any other route than that formetl by the organs of digestion. 

Time occupied in Gastric Digestion.— Under ordinary condi- 
tions, from three to four hours may be taken us the average time occupied 
by the digestion nf h meal in the ntomacli. But many circnnutaucoa will 
modify the rate of gastric digestion. The chief are: the nature of the 
food taken and il^ (juautUy (the stomuch nhould be fairly Qllcd — not dis- 
tended); the time that has elapsed aincc the lust meal, which should be 
nt least enough for the stomach to be quite dear of food; the amount of 
exerciitti previous and sub^'quent to a meal (gentle exercise being faror- 
able, over -exertion injurious to digestioa); the state of mind (tranquillity 
of temjier being essentiid, i^ most cases, to a quick and due digestion); 
^.tho bodily health; and some others. 

Jk MoTcments of the Stomach. — The gastric fluid is assisted in 
accomplishing its share in digestion by the movements of the stomach. 
Id grmniToroos birds, for example, the contraction of the strong muscular 
ginard offonls a necessary aid to digestion, by grinding and tritorating 
the bard aeods which conetitute part of tho food. But in the stomachs of 
man and other Mammulia the motions of the muscular coiit are too feeble 
to exercise any such mechanical force on the food; neither are they 
needed, for raastic&tion lias already done the mechanical work of a giz- 
xard; and experiment's have dcmonatraLed that snbstances enclosed in 
perforated tubes, and consequently protected from mechanical inflacnoo, 
are yet digested. 

Thu normal actions of the ronacular fibres of the human stomiu-li 
appoar to have a threefold purtiose: (1) to adapt the stomach to the 
qoantity of food in it, so that its walls may bo in contact with the food 
on all sides, and, at the same time, may exercise a certain amonnt of 
compression upon it; (2) to ke«p tho orifices of the stomach cloRe<l until 
the food is digested; and (3) to perform certain jtenstaltic movements, 
whereby the food, as it becomes chymiflcd, is gradually propelled toward, 
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and ultimatclT through, the pylorus. In accoiuptiebing tbU latter end. 
the movements without doubt materially (.■oiitril>ut<* toward eflectiog t 
thorough intermingling of the food aud the g#tric Unid. 

When digestion is not going on, the dtomach is uniformly eontncted, 
its oriBcM not more firmly than the rest of its walls: but, if ciamintd 
shortly after the introduction of food, it is found closely encircling its 
contents, and its ori^oes are flrmir closed like sphinctera. Tlie cardiHc 
oriftce, every time food is swallowed, opens to ndmil its passage to the 
stomiich, aud itnmodiately ngaiti (rli)»(.-(>. Tlie pyloric ori5ce, during the 
first part of gastric digestiou, is usually eo completely closed, that ereu 
when the stomnch is separated from the intertines, none of its oonteDti 
eacai'e. IJut toward the termination of the digeetive process, the pylorot 
seems to offer less resistance to the pn««age of substances from tW 
stomach; first it yields to allow the succoBsivcly digoatfd portions to go 
throogh it: and then it allows the transit of even undigested substances. 
It appears that food, so soon as it enters tlio stomach, is subjected to it 
kind of peristaltic action of tho muscular coat, whereby tho digested par- 
tions are gradually moved toward the pylorus. The movomente werv 
observed to increiiso in rapidity m the process of ch}iuificatiou adranced, 
and were continued until it wtw completed. 

The contraction of the fibres sitimted toward the pyloric end of ths 
stomach- Bcema to lie more energetic and more decidedly jierisialtic ihjin 
tlioKe of the cardiac portion. Thus, it was found in tho case of Sl 
Martin, that when tho bulb of the thermometer was placed abont thres 
inches from tlit' pylorus, through the gaslrio fistula, it was tightly em- 
braced fr*)m time to time, and drawn toward the pyloric orifice for a dis- 
tance of three or four inches. The object of this movement appcan to 
be, as juat said, to carry the food toward the pylorus mt fact as it is tonoei 
into chyme, and to projnd the chyme into the duo<lenum; the undigeeted 
portions of food being kept hack until they are also reduce<l into chvme, 
or nnti) aU that is digestible has passed out. Tho action of those 6bni 
is often seen in the contracted state of the pyloric portion of the Btonuch 
after death, when it alono is contracted and firm, wliile tho cawliao por- 
tion forms n dilated sac. SometitDee. by a predominant action of strong 
circular fibres placed between the cardia and pylorus, tho two portionis 
or ends as they are called, of the stomach, are partially BG|Hurateil from 
each other by a kind of hour-glu«s contraction. By means of the peri- 
staltic action of the muscular coats of tho stomach, not merely is chymitied 
food gradually propelled through the pylorus, but a kind of double cur- 
rent is continually kept up among the contents of the stomach, the cir- 
cumferential parts of the mass being gradually moved onward toward the 
pylorus by the rantracLion of the mitscuhir (ibrea, while the central por- 
tions aro propelled in the opposite direction, namely, toward the cardiao 
orifice; io this way is kept np a constant circulation of the cont«uts of 
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the Tiacnf, highly conducive to tUvir tree mixture with the gastric fluid 
and to tbeiT r«udy digestion. 

Vomiting'. — The expulsion of the content* of the «toinach in romit- 
ing, likt> that of mncous or other mailer from the lungs in coughing, is 
precodfHl hy an inspiraiioji; the glottis is then cloHeil, and immediutely 
nft«r«'an) riie uhdoniinal muscles stratigly act; hut here occurs tho dif- 
ference in the tvo actions. Intfteud of the voeul cords yielding to the 
action of the abdomiiiul muscles, they reniuiu lightly closed. Thus tbo 
Uiaptimgm being unable to go up, forms an nnyielding surface against 
which the stomach can bo pressed. In this woy, as well as by its own 
contmction. it isfixfd, to use a technical phrase, At the same time the 
^tordiac sphincter-muscle being rolaTed, ant! ihe orifice which it naturally 
In Iwing actively dilated, white the pyhnm is closed, and the stomach 
also contracting, the action of t-ho abdominal muscles, by these 
BBsi^tetl, ex]ieis the conlenls of the or^^in through the WRoplugus, 
pharj'nx, and mouth. The reversed peristaltic action of the oBBophogus 
prohahly increases tho effect. 

It has been fre4ueuily otated that the stomach itself is quite passive 
during vomiting, and that the expiilsioa of its contents is effected solely 
by the preiwuro exertwl upon it when the ca])acity of the abdomen is 
diminiahed by the contraction of the diaphragm, andBab«!f|Ucntlr of tho 
abdominal muscles. The experiments ami olnserrutions, however, which 
an stippos«l to conflnn this statement, only show that the contraction of 
the abdominal mut^cles alone is snlTicient to expel matters from an nnre- 
Kditing bog through the (Bsopliagus; and tliiit, under very abnormal 
^eirramstanccs, the stomach, by itself, cannot cxpc-I its contents. They by 
no meuns show that in ordinary vomiting the stomach is passive: and. 

ton the otht^r bund, there are good reasons for believing the contrary. 
It is true that facts are wanting to demonstrate with certainty this 
action of the stomach in vomiting; but some of tho coses of fistulous open- 
ing into the organ appear to support Ihe belief that it does take place; 
and the analogy of tho cjise of the stomach with that of the other hollow 
viscera, as tho rectum and bladder, may bo also cited in confirmation. 

The muitcle^ coiicvmed in the act of vomiting, are chiefly and pri- 
marily thotfi of tfie abdomen; the diaphragm also acts, but nsually not as 
B|tbe muscles of the abdominal walls do. They contract and compress tho 
^ntomach more and mure toward tho diKphraf^n: and the dinpliragm 
^Pf which is usually drawn down in the deeji inspiration that prq^nle^ each 
act of vomiting) is 6xed, and presenbt an unyielding surface against 
which the stomach may be presBe<l. The diaphragm is, therefore, ■« a 
mlCf passiTe during the actual expulsion of the contents of the stomach. 
Bnt there are grounds for believing that sometimes this rousolo 
actively contracts, so that the stomach is. no to tt]»eak. squeezed between 
the descending diaphragm and the retracting abdominal walls. 
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Somo persons poasees the power of vomiting ai wilt, without applTui| 
any undue irritution to the 8tomiu.>h, but simply by a voluntary eOvit. 
It seemis also, that tliis power may be acquired by those who do tuA 
naturally pomew it, and by continual practice may become a habit. Then 
are cabqs alao of rare occurrence in which persons habitually swallow their 
food hastily, and nearly unmaatlcated, and then at their leisure regurgi- 
tate it, piece by piece, into their mouth, remaaticate, and again swallor 
it, like mcmhors of the raminant order of Mammalia. 

The variouB nert'n-acfiuns concerned in vomiting are governed by a 
nerve-centre fiituate in the medulla olilonpita. 

The sensory nerves are the fifth, glosso-pliaryngeal and vagus prinri- 
paUy; but, as well, vomiting may occur from stimulation of eemwrr 
nerves from many organs, e.g., kidney, testicle, etc. The centre may »ho 
be stimulated by impressions from the cevehnim and cerebellum, so called 
Mn^rff? vomiting occurring in disease of those parts. The efferent im- 
pulses are carried by the phrenics and the spinal nerves. 

Influence of the Nervous System on Gastric Digestion.— The 
norma] moTemcnts of the stomach during gastric digestion are directly 
connected with the plexiiE of nerves and ganglia contained in its walls, 
the pix'sence of food acting as a stimulus which is conveyed to the gan- 
glia and reflected to the muscular fibres. The stomach is, however, aUo 
directly connected with the higher nerve-centres by means of branch^t 
of the vftgns and eolar plexus of the sympnthetic. The vaso-motor fibre* 
of the latter are derived, probably, from the splanchnic nerves. 

The exact function of tlic vagi iu connection with the movements of 
the stomach is not certtiinly known. Irritation of the vagi produooecon 
traction of the stomach, if digestion is proceeding; while, on the other 
hand, peristaltic action is retarded or stopped, when these nerves an? 
divided. 

Bernard, watching the act of gastric digeetion in dogs which had fis- 
tulous o]icning8 into their stomachs, saw that on the instant of dividing 
their vagic nerves, the process of digestion was stopped, and the mncout 
membrane of the stomach, previously turgid with blood, became pale, 
and ceased to secrete. Tlipao facte may be explained by the theory that 
the vagi are the media by which, during digestion, an inhibHorii impulee 
is conducted totlie vaso-molor centre in the medulla; such impulse being 
reflected along the splanchnic nerves to the blood-vessels of the sloniach, 
and causing their dilatation { Rutherford). From other experiments it may 
be gathered, that although diWsion of both vagi always temporarily sus- 
pends the secretion of gastric fluid, and so arrests the process of digestion 
being nccasionally followed by death from inanition; yet the digeatiTi 
powers of the stomach maybe completely restored after the operation, 
and the formation of chyme and the nutrition of the animal may b« 
carried on almost as perfectly as in health. This would indicat? thfl 
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of a special local ncrroiu mechanum which controU tho 
lecrctioii. 

Bernard fonnd that galvanic stimulus of theoe nerves excited an active 
excretion of the fliiiil, whilo a liko stirauhut uppUod to the sympathetic 
ncrrce issuing (roni the ^cmtluiuu- gaugtiu. caused a diminution and uvvn 
oomplete arrest of the secrutiou. 

\ The influence of the higher nerre-centres on gastric digestion, as in 
th« case of mental emotion, is too well Icnown to need more than a re(- 
,.eT«iic«. 

Digestion of the Stomach after Death.— If an animal die dur- 
ing the process of gastric di^'t-stitm, iiiid when, therefore, a quantity of 
gwiric jnice is present in the interior of the stomach, the walls uf this 
orgmn itaelf are freqnently tliemselTos acted on by their own secretion, 
and to such iin extent, that a perforation of considerable size may be pro- 
duced, and the contents of the stomach may in part eiK'ajfe into the 
CMTtty of the abdomen. This phcnonieaon is not unfroqueutly obsorred 
in pMt-morti-ni examinations of the haman body. If ft mhbit be killed 
dnring a porioti of digestion, and afterward exposed to artificial warmth 
to prevent its temperature from falling, not only the stomach, bnt niany 

»of the pnrrounding parts, will be found to have l>ec]i dissolved (Pary). 
From these facts, it becomes on interesting question why, during life. 
the stomach is free from liabilil_v to injury from a sctcrotion which, after 

^death. is callable of such destructive effects? 

^p It is only necessary to refer to the idea of IBemard. that the living 
stomach linds protection from its secretion in the proAcnce of epithelium 

^. and mucus, which are constantly renewed in the same degree that they 

^bre constantly dissolved, in order to remark that, although tho gastric 
moons is probably protective, this theory, so far as the epithelium is con- 
cerned, has been disproved by eijierimonts of Pavy^s, in which the mucous 

■sembrano of the stomachs of dogs vm dissected off for a small spoco, 
and, OD killing the animals some days afterward, no sign of digosUoa of 
the stomach was visible, "t'pon one occasion, after removing the mu- 
cous membrane, and exposing the muscular flbros over a space of about an 
inch and a half in diameter, the animal was allowed to live for ten days. 
It ate food every day, and seemed ecart-ely affected by the operation. Life 
was destroyed whilst digestion was being carried on, and the lesion in the 
stomach was found very nearly repaired: new mutter hiui been deposited 
in the place of wluit hwl been removed, anil the denuded spot had con- 
tncted to much less titan its original dimonsions." 

^m Pavy believes that the natural alkalinity of the blood, which circulates 

HvD freely during life in the walls of tlie stomach, is sufficient to neutralize 
the acidity of the gastric juice; and as may be gsthere^l from what haa 
been previously said, tho neutralization of the acidity of tho gastric secre- 
tion is quite sufficient to destroy its digestive powers; hot the oxperi- 
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jnimts adduced in faTor of this theory are open to tnanj objections, nui 
afford only a negative support to the coTiclusions they are intended to 
prove. Again, the pancreatic secretion acta beet on protetds in an altti- 
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Hne modium; but it has no digcEtivo action on the living inteetine. h 
must be coufcseed that no entirely satisfactory theory has been yet stated. 



The iNTEffriNES. 



J 



The Intestinal Canal h divided into two chief portions, named from 
their differences in dianiewr, the (I.) ntinll and (II.) hrffe intestine (Fig. 
165). ThcM aro continuous vith each other, and commnnicate by mttxa 
of an opening giumled by a valve, the iteo-cacal valve, which allows the 
passage of ttiu products of digestion from the small into the large bowel, 
but not, under ordinarj- circumstancen, in the opposite direction. 

/. Thf Smail In/enfitie. — The Small Intestine, the average length of 
which in an adult is about twenty feet, has been divided, for convonicni« 
of description, into three portiona, viz., the duodenum, which extends f<* 
eight or ten inches beyond the pyloros; the Jejunum, which forms two- 
flfths, and the ileum, which fomiB three-fifthH of the real of the ctmaL 

Structure. — The ^-uiall inteHtine, like the siomach, is constructed 
fonr principal coats, viz., the serous, muscular, submucous, and mucous. 

(1) The serauM coat, formed by the visceral layer of the peritoneum, 
and has the etmcture of eernus membranes in generaL 

(2) The mutcular coat* consist of an internal circular and an external 
longitudinal layer: the former ia usually considerably the thicker. Both 
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alike c«iutut of bundles of imstriped mtuoalar tigatie mpportwl by cou- 
tive tissue. They arc well proirided with l)inphft1io vmmU, vhich 
inn a set distinct from thoiie of tlio iimcouit mombrane. 
Between th* two muscular coats is a nerve-pleiiw (Auerbach's plexus, 
ixoB royentencus) (Fig. 161) Bimilar in structure to Meiasuer's (in the 
bmnoouj titiaue), but witli mora numerous gnuglui. This plexus regu- 
tho peristaltic moTemont« of the muscular couts of tli{> intestines. 
(3) Between the mu«ms and muscular co«Ls, is the st46mu<»ua co^, 
which consists of countH,-tiTo Usttu^, in which numurous blood-vesBels and 
ipnphatics nunifr. A fine plexus, coiiaisting mainly of non- medulla ted 
Benre-hbrea, "Meisener's plexus," with gmigliou cells at its nodes, occun 




*. 1M.— BofivmuO Mctbiti of ■ •iitiOl tmsemrat nt iht- inucnu* rot-mbrUM'. iodiMUng eo* (odiv 
of UebMMlM and p«n> of ■m-rnl oihmT n. cavity of tbr tubitlar ftonda tir orpt*: 6,<iM 
I Ikllu mMwUmI OTlla; r. Uw lyiriphiihl </t r<i^orn bmblw^ uf wliicliwinewemMr.kiul otlwn 
«MqM 19 Irnipb nOh M U ct. 

in the submucous tissue from tiic stomach to th& anus. From the jwci- 
tion of this ]>lexus and the distriliutiuu of Its bnincheg. it seems highly 
probable thot it is the local centre for reiruJating the calibre of the blooil- 
TfliteU supplying the intestinal mucous membrane, and presiding over the 
proceeses of secretion and absorpliuu. 

(4) The mucotts membrafic is the most important coat in relation to 
the function of digestion. The following slructurM, which enter into its 
oompoeition, may now be successively doscribed;— the valvula connivtntM; 
the ri7/iV and the fflandg. The general structure of the mucous mem* 
hniue of the intostincs nuemblea that of the stomach (p. 241), and, like 
it. is lined on its inner surface by columnar epithelium. Adenoid tissue 
(Fig. 182, cand ri) enters largely into its couetruction; and on its deep 
nirfaoe is the muKulari'n mucosa {m m. Fig. 1S3), the llbrea of which are 

.Arranged in two layers: the outer longitudinal and the inner circular. 

f Valvulae ConniTCntCS.— The valvultB conniventes (Fig. 18-4) com- 
mence in the duodenum, about one or two inches beyond the pylorus, and 
becoming hirger and more numerous immediately beyond the entrance of 
the bile ductj continue thickly arrauged and well dercloped throughout 
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the jejiinnm; then, gradually dimirishing in size and number, they com 
nciir the middle of the ileum. They are formed by a donbling invrvd el 
the mucous membrane; the cref>oentic, neikrly circular, folds thus foniud 
being urmnged traut^versoly to the axis nf the intestine, and each indi- 
vidual fold fiddom extending around moro than i or f of the bowel'B cir- 
oamfcrenco. Unlike the rugm in tbe oc«o|iba^s and stomach, they do 
not disappear ou diatoiwion of tlie can^. Only an imperfect notion of 
tlieir natural position and.function can bo obtained by looking at ihem 
after the intestine baa been laid open in tbe usual manner. To noder 
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fla. 1B8.— V«ti«Ji««'lli""i thmiufhportloiinf Htnall iril«i(fn*of 
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m, mwcubirls mumN«L-, tw'iKUiiK un Wirv*. iH-tuti-ii riii- f'llliolt* luto ibc vIlU: ipa, mi 
«onUnliiK<t(Tnl. gUisli'i" >i-ll» of Mi-iwinrr't iilrxiiM. iHi'liiirlrlili 

Kia. WL—yUttv I't luiinll IntHKUni-ipfwliMiHlv illxii^mlM) mid li&rdmMl by alcoboll llM ' 
«how thi- BoniuU pcwJUou of U>0 vjavutm oODniTruUv. 

Atand them aright, a piece of gut should be distended either with 
alcohol, and not opened until the tiBsncs have become hardened, 
then making a section it will be seen that, instead of disappearing, they 
stand out at right anglea to the general Burfaco of the mueons membrane 
(Fig. 1R4). Their functions are probably lees — Besides (I) offering a 
largely increased surface for secretion and abttorption, they prolmbly (3) 
prevent the too rapid passage of the very liquid products of gastric diges- 
tion, immediately after their escape from the stomach, and (3), by their ; 
projection, and conBcqueiit interference with a uniform and untroubled' 
current of the inteslinul contents, probably ussirt in tbe more perfect! 
mingling of the latter with tlie secretions poured ont to act on them. 
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Glands of the Small Intestine.— The glands are of three princi- 
pal kind*; — Tk,, those of (1) Lieberkijhn, (2) Brunner, and (3) Peyor. 

(I.) The gland* OT cryph of Li/b^riruku are simftle tubular depretsiona 
of the int«atinal miicou8 merahmnu, thickly disiribute<] over iho whole (iiir- 
fftoe both of the large and Bmiill intestines. In the small intestiuo tbcy 
ve risible only wich the aid of a Icnfi; and their orifices appear as minute 
dots scattered between the villi. They are larger in the large intestine, 
and increase in size the nearer tliey approtich the anal end of the intes- 
tinal tube; and in the rectum their orifices may be risible to the naked 
■yet In length they vary from y^ to ^ of a line. Each tubule (Fig. 
I8fi) U constrncted of the same easential parts as the intestinal mncons 
lembrane, viz., a fine mtmbrana propria, or baBcment membrane, & 
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layer of cylindrical epithelinm lining it, and capillary blood-vcsacis cover- 
ing its exterior, the free siirfiu^e of the columnar celtt4 prenenting an 
appearance precisely similar to the '"striatod basilar border" which covers 
the villi. Their contents appear to vary, even in health: the varieties 
being dependent, probablyt on the period of time in reUtion to digentiou 
at which they are examined. 

k Among tlie columnar cells of Ueberkuhn's follicles, goblet-cells frc- 

^ently occnr (Fig. 186). 

(i.) Brttntier'H glnnd* (Fip-. 188) are confined to the dnodennm; they 
are most abundant and thickly set at the commencement of this portion 
of the intestine, diminishing gratliutlly iis the duodenum advanrra. They 
are sitaatc<) beneath the mucous menibruno, and iniljeilded in thfBiibmu- 
cons tissue, each gland is a bmnched and eonvolnted tube, lined with 

lOolnmnar epithelium. As before «iid, in structure they are very Himilar 

the pyloric glands of the stomach, and their epitheliuin undergoes u 

Vol. L-17. 
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similar change during secretion; liut they ore more branched and couto- 
luted and their ducts are longer. (Watney.) The dnct of each ^axxj 
pBasee througti the maBcuIftris mucosa*, and opens on the surface of tbe 
mocoaa mcmbrune. 

(3.) The glands of Peyer occur chiefly but not exclusirely m the maU 
int«stiue. They are found in greatest abusduuce in the lower pari of tie 
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Fio. 1ST.— TVature^rar nvcllan of lnj>:<ct«<t Ppiw'k c'vida (Train Kmilleert. The dniiring wuttkao 
tna ■ pn-panutim nwVe by FRqr: It rton»auM Um fin« vsvUlwr-toovMl network ■wmiHn tmt 
Uie luiTauudiiiK blood-vesMM into tfae Inlinio* of tluxn- of Fi-ysrr'* «*pnilM fron UwtDtartaMofttin 
ndbUt. 

Pia. I*.— Vi"rtU-»l (w^tlnn of diiixIi-niiTn. ■howtnir ■>, villi; h. rryjitm.f Ut-berhUfau, and r, tna- 
nar'ii Kliuitb In lUe BulMnuvotMi «, wltb dui;t»,(i; oiuiKului* iuuci^hiw. m; unidrvnlMrwnamMrcouf 

ileum near to tb& il^eo-csecal Talve. They arc met with in two condilioni, 
Tiz., either scattered singly, in which case they are termed ghnduicf noU- 
fan'(F, or apfcregnted in ffroiips van.-inp from one to three inches in length 
and about half-an-inrb in width, chicily of an oval form, their long niis 
parallel with that of the intestine. In thie state.tbcy arc named gtanduia 
aijminftitp, the grouiw beins commonly called Ffyerf ftafrhes (Fig. 18(i), 
atiil ainicftt always placed opposite the uttuchmont of tlie nioieentGry. Id 
structure, and in function, there is no enBential difference botvoenthei 
solitary glands and llio individual bodies of wliii-h each group or patch i( 
made up. They are reaUy single or aggregated maseee of adenoid tiwae < 
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irtning lymph-foUiclea. In tho condition in which thoy hnvo been tnoet 
commonly cxuniincd, <^ach gland appenre U8 tv rirculHr '>pHqiie-whit« 
mnndiHl body, from A to i^ inch in <liHDieter, ae(;onliiig to the rlcgret'! in 
vhicb it is developed. They arc priucipaJly contjiiued in the submucous 
oost. bat sometinit'S project through the viutculari* mucusa into the 
mucous tnembninc. In tlio agminate glands, each follicle readies the 
free surface of the intestine, and i« covered with columnar cpitliolium. 
Sach gland i« anrroundod by the openings of Lieberlcdhn's follicles. 

The adjacent glands of a Peyer's patch are connected together by ikIp- 
Tioid tuiue. Sometime« the lymphoid tissue roaches the free surfu*-i-. 
n^pIacing tho epithelium, as is also the cose with some of the lymphoid 
foUicles of the tonsil (p. 236). 

Pejrer's glands are surrounded by lymphatic sinnece which do not 
penetrate into their interior; the interior is, however, traversed by a very 
rich blood capillary plexus, If the vermiform appendix of a rabbit, which 
comi«ta lai^ely of Peyer's gUuda, be injecte«i with blue, by pre«ing the 
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^int of a fine syringe into one of the lymphatic rinuscs, the Peyer's 
glands will ap{)car v& greyish white spaces siirroundtMl by blue: if now the 
arteries of the eame be injected with red, the greyish patches urill change 
to red, thus proving tliut they are $urrvHuJ(si by lymphatic epacc«, but 
penftrafed by blood-vewds. The loctoaU passing out of tlie villi commu- 
nicate with the lymph dnnsea round Peyer's glands. 

It is to be noted that they are largest and most prominent in children 
imd young personH. 

Villi.— Tho Villi (Figs. 183, 188, 190. and Ifll), are confined exclu- 
sively to the mucous membrane of the small intestine. They are minute 
Tascolar prucesscs. from a quarter of a line to a line ami two-tbirds in 
length, covering the sarfaoe of the mucous membrane, and giving it a 
peculiar velvety, fleecy appearance. Krause estimates them at Sfty to 
in number in a square line, at the upper part of the small iutcs- 
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tine, imd at forty to seventy in the same arna, at the lower part. Tbey 
vury ill form eveu in tlie iumo animal, tuid differ according as th« Iviu- 
phatic vessels tliey contairt are empty or full of chyle; being uanillv, in 
the former case, dat and pointed at their Bummits, in the latter cylindri- 
cal or cleatute. 

Each villiiN c>nnHiHt« of a sniult projection of mncous monibrane, aod 
its iiitciior is thoroforo supported throughout by Qne lulenuid tissue, wbicti 
forms the fiumework or stroma in which the other coustitueuts are con- 
tained. 

The Rurfaeo of the villas is clothed by columnar epithelinm, which 
rests on a iine basement membrane; while within lhi« are found, reckon- 
ing from without inward, blood-vesselB, til>res of the viutirularis mutnna, 
and a single lymphatic or hu^teal vessel rnrcty looped or branched (Fig. 
192); hosidoB granular matter, fat-globules, etc. 
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Fin 190— S«oUon of niiAll IdcmOIihi showInK vtliL LlebcrkOfan** gluid* Miil m Pvyv^^ waUmj 
tluart ni, ni. miwcuL«n> mucoav. fKIelii and Hoblc Smith ) 

Flu. Kil— VprdrnJuBcilaciara vUIunof tlKmnudl lnm(tJri(i«f b e«t, a, iitriawd bcillftr border of 
llirriililir'litirii: li. i^f>1uitinu- epithelium: c vubLt^i orliii: rf. n-ntr&l Ij-mph'tft-— rl : t. mntoatb tnuMilW 
ni>r«(i: /. niiliinnliliiraiii&of the villui In nhfcb lymph ctfffiuacle* liv. iKleliL) 

The epitJielium is of the eoluninttr kind, ivnd continuous with (hut 
lining the other parts of tlie mucous membniiie. The cells are arraiae^ 
with their long axis radiating from the dnrface of the vilhie (Fig. liM), 
and their fimallctr oiiils resting on the hascment membrane. The fr» 
surface of the epithelia,! colls of tlie villi, like that of the cells which corar 
the general surface of the niucoiis membrane, is covered by a fine btirdcr 
which exhibits very delicate striatioiiB, whence it derives its name, "«tri&rj 
ted basilar border," 

Beneath the basement or limiting membrane there is a rich supply of' 
hlood-vessels. Two or more minute arteries are distributed within escbj 
villus; and from their capillaries, which form a dense network, pi 
one or two small veins, which pass out at the base of the rillus. 

The layer of the musculan's muroniK In the vilhis forms a kind of thin 
hollow cone immediately around the central lacteuJ, arid is, Iherefonr 
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situate boneath the blood-TeegeU. It is without doubt instrumental in 
the propulsion of chvie along tli« lacteal. 

The lacteal rv/ii'ei unteni tlie buso of euch viUus, and pushing up in the 
middle of it, extends nearly to the tip, where it ends commonly by a 
clofied and soniewhiit dilittod extremity. In the larger villi there may be 
two small lucteal reascla which end by « loop (Fig. 19'-i), or the laetcais 
may form a kind of network in the villus. The Ust method of ending, 
however, is rarely or never eoen in the human Bubject, althongh common 
iu some of the lower nnijimlH (a. Fiff. 192), 
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FjO. IM.— a. VIJIu.Hor n1ir"i>. D. Villi of riijui. Lr?li(,'hllj- ulttTtil fr'nn Ti'li-lunaiin.) 

The office of the villi is the absorption of ehyle and other liqaidn from 
the intestine. The mode in which they affect this will be considered in 
the Chapter on Abhorption. 

//. Tke Larg^ Intestine. — The Ijirge Inteatino, which in an adult le 
from about A to ti fuet lonjj, is subdivided (or descriptive purposes into 
three portions (Fig. 165), viz,:- — the cmmm, n short wide (wufh, couunu- 
nieating with the lower end of the small intestine through an opening, 
guarded by the iho'cmcal valve; the rMrm, continuous with thf em:;nm, 
which forms the principal part of the large intestine, and is divided into 
an asoonding, tmnaverse and descending portion; and the rrvinm, which, 
aft«r dilating at its lower part, again contracts, and immediately afterward 
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opens extemallj through tho anus. Attached to the ctecnm U the mill 
appendix penniformig. 

Structure. — Like the small iTitestine, the large is constmcted of fotir 
priimipal coute, viz., thosoroug, musc^uhir, fiuhmucoue, and macona. The 
serous coiit need not be here piirtii-ulnrlv described. Connected with it 
are the samll i>ruL-etiijeb of peritoiii>uiii, c-outaimug fat, called ajfpfNdurn 
epiploica. The fibres of the rnuiirniar coat, like those of the email in- 
testine, are itrraiif^d in two lavera^ — the outer longitudiiuU, the inner circu- 
Ur. In the ckcuth nnd colon, the longittidinal fibroe, besides being, m 
in thesmal] intestine, thinly disposed in all parts of the wall of the hovel. 



Flo ttui — I'luKi'Miii <•( liu'i>-iil M-sdT'U III vTiiall Int^miiw. ±, Ikctsabln vQll; i-, IVrer's KUadi; ■ 
will n, Kiiiriii.:iia ami itiiit n.-fnork 'if lotT'-iLla in mbtnuaHia tlmwi U LMMMUuilKhuttfa: r ^uU 
braDvh'if la<.*t<.itl tfw>'.>l "n ix^imy to imavntvi-lcglanl: ■ uid ", hh™miU«- in»>»» nt ii»t^^|««^- s.pBf' 
toaeum. iTriiihnuuui.l 

are collected, for the most part, into three strong bands, which being ' 
shorter, from viid to end, than the other coats of the intestine, hold the 
CMial in folds, bounding intermediate iiaceuli. On tho division of tb(eB| 
bands, the intestine oan be drawn out to its full length, and it tlien aa- 
snmcB, of coui-se, oniiiformly cylindriiial form. Inthercctnm, tho fa»- 
ciciili of theee longitudinal bands epread out imd mingle with the other ■ 
longitudinal fibres, forming with them a thicker layer cf Rhre* than exigt* ■ 
on any other part of the iuteetinal canal. Tho circular muscular libre* 
are spread over tho whole surface of the bowel, but arc somewhat more 
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Buxkod m the intcn'aU between the sacculi. Towarti the Lower end uf 
the rectuDi they become more nnmeroiis, and at the anas they form a 
strong bund colled the internal sphincter muscle. 

The MUCOUS membrane of the large, like that of the amall int«Btii\e, it 

[lined tbronghont by columnar epitlieliiim. but. unHke it, ts quite smooth 

and destitnta of villi, iind in nut iirojectcd in tlu) form vt valmlai cvntii- 

vtntu. Ita geneml microscopic structure resomblc^ ttint of the small in- 

tostine: and it is bounded below by the miueularis mtiooiia. 

The geneml amingement of ganglia and nenre-fibres in the large in- 
t«>tine reecmblus that in the small fp. 255). 

Glands of the Large Intestine. — The glands with which the 
Urge intestine is provided are of two kindfl> (1) the tuluiar and (i) the 
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I n*i IM.— Hfittowul AMtlnn throusb • portii^n of (Iw mnrotw mrrnhnuw at thfltocA IntMUM. 
, rikowtnc laMMfhOlui'a k''"'^ ■" tr«D«v«rw MH?ilna. «, liunvn of clMid-tintng of -"ImniT «lli 
wllbaiCOUMflelbi. t^«ip|K>rUnKODnnMTtiireUMUe. Illgbl>- nwtcniflril. rV. D, ElMTte.} 

(1.) Tlie /v^Hfor glands, or glands of Lieberktihn, resemble those of 
the small iDtestine, bnt are somewhat larger and more numerous. Thej 
are also more nniformly distributed. 

(2.) Follicles of adenoid or lymphoid tissue are most numerous in the 
cs><>am and vermiform appendix. They resemble m shape and Btmcture, 
almost exactly, the solitaty glands of the small intestine. 

Fever's patches arc not found in the large intestine. 

Ileo-Czcal Valve.— The Ueo-caecal valve is situate at the place of 
junction of the small with the large intestine, and guards against any re- 
flex of the contents of the latter into the ileum. It is composed of two 
•emilunar folds of mucous membrane. Each fold ie formed liy a doubling 
inward of the mncone membrane, and is strengthened on the outside bf 
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aome of th6 circular miicicular fibres of the intestine, v}itoh are contuned 
between the outer surfaces of the twolaycreof which each fold is composed. 
While tbo circular muscular fibres^ however, of the bowel at the janction 
of the ileum u-ith the cacam are contained between the ooter (^}paee<l 
fiiirfik'es of tliy fnlds of mucous mombrane which form the valve, the 
longitudinal muscular Qbres and the peritoneum of the email and hirge 
int^tine respectively are ooutiuuoug with each other, without dipping 
m to fellow the circular fibres and the mucous membrane. In this maa- 
uer, thcroforo, the folding inward of these two last-named structures it 
preserved, vrliUe, on the other hand, by dividing the longitudinal motca- 
lar fibres and the peritoneum, the valve can be made to disappear, jott 
aa the constrictions between the sacculi of the large intestine can be 
made to diaajipear by performing a Bimiliiroperafion. The inner mrfaoe 
of the folds is t^mooth; the mucous membmne of the ileum being con- 
tinuous with tfuit uf the cflH:um. Tliat surface of each fold which lookfi 
toward the Bmalt intestine is covered with villi, while that which look* to 
the ciscum has none. Wli.i*n the Ciiecum is dtutended, the margin of ibe 
folds are stretched, and thns are brought into firm apposition one with 
the other. 
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After the food has been du]y acted upon by the stomach, sach as ha> _ 
not been absorbed passeg into the duodenum, and is there eubjeoted to I 
the action of the eeci-ctions of the ponereas and liver, which outer tiial 
portion of the ciniall intestine. IJefore considering the changes wbicli 
the food undorgooB in consequence, attention should be directed io the ■ 
structure and sedrction of these glands, and to the secretion (snccns en- 
tcnoua) which is poured out into the intestines from the glands lining 
them. 



Th£ Pancreas, and its Secbxtioit. 

The Pancreas is situated within the curve formed by the duodenam; 
and its main duct opens into that part of the small intestine, through* 
small opening, or thruugh a duct common to it aud to the liver, aboat 
two and a half inches from the pylorus. 

Structure. — Iwstmcture the pancreas bears some resemblance toth« 
salivary glanda. Its capjiulo and septa, as well aa the hlood-ve»ieU and 
lymphatics, arc similarly distributed. It is, however, looser and soficr, 
the lobes and lobules being less compactly arranged. The mwn duel 
divides into branches (lobar ducts), one for each lobe, and these bmncbes 
subtlivide into intralobular ducts, iiud Lheiie again by their divisioo and 
branching form the gland tissue proper. The intralobular dnotd com- 
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Bpond to a lobule, while between them and the secreting tiihes or alreuh' 
an longer or shorter i titer rmdiartf ducts. Tlio [urger t\\\ci» possess a 
Terr distinct lumen and a mcmhrana propria lined with columnar epi- 
thelium, the cells of which are lougitudiiuiUy Btriated, but are shorter 
than those found in the ihicts of t)ie salivary glauda. In the intralobular 
dttct« the epithelium is short and the lumen ts smaller. The intermediary 
dnet« opening into the alreoli poascas a distinct lumen, with a membrana 
propria lined with a aingle layer of flattened elongated cells. The alveoli 
are branched and convoluted tubes, with a membrana propria lined with 
a single layer of colnmnor cells. They hare no distinct liunon, its place 
being taken by fusiform or brHnched rellK. Ileidcnhain has observed 
that the alveoli cell); in ihe pancreas of u fiistiug dog ruiirtiHt of two zones, 
ut inner or central zone', which is tindv granular, and which stains feebly, 



FN. ISS.— AmOmi of tb» paocrw of a dog dnrtnn tUcntion- a. •lt«oli linrd wllh (wlk. thaoubv 
9<d »hl<<t ta vvJl Malonl oiih luBiaMaxTUn; d. InunoFdlkn- duct Utiod vlUi fquwni]tHr|>tUMithiin. 
- <EMBkiMlNolik'BiiilUL) 

and a emaller parietal zone of finely striated protoplasm, which stains 
Miily. The nucleus is partly in one, partly in the other zone. During 
4li|;eition, it is found that the outer 2one inereascA in siic, and the central 
tone diminiahea; the cell itself becoming smaller from the discharge of 
the secretion. At the end of digestion the first condition again appenrs, 
the inner zone enlarging at the expense of the outer. It appears that the 
grannies are formed by the protoplasm of the cells, from material supplied 
to it by the blood. The gmnules are thought to Iw not the furment 
itself, but material from which, under certain conditions, the ferments of 
the ghind are madv, and therefore called Zymogen. 

Pancreatic Secretion.— The secretion of the pancreas has been ob- 
tained for purposes of experiment from the lower animals, especially the 
dog, by opening the abdomen and exposing the duct of the gland, which 
is then made to coromnnicate with the exterior. A pancreatic fistula is 
thus eetaUiabed. 
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An extract of jMnrreas made from the glant^ which has been peTnoT*d 
from an unimal killed during digeatirm, possceace tlie actiro properties of 
poncreulic sccreiioit, ft is made by first dehydrating the gland, whick 
has been uut up into siivall pieces, by keeping it for some days in absolute 
alcohol, and then, iifter the entire removal of the alroiiol, placing it in 
strong glycerin. A glycuiitt extract i& thus obtained. It m a remarkable 
fact, however, that the amount of the ferment trypsin greatly increiMB m 
if the gland be exposed to the air for twenty-four hours before placin; in 
alcohol; indeed, u, glycerin extract made from the gland Lnimediatclr 
upon remoral from the bo<ly often appciirs to contain none of that f«r- 
ment. This acomB to indicate that the conversion of aymogen in the 
gland into the ferment only takes place during the act of secretion, and 
thai the gland, although it alw&vE uoiitains in it« cells the materials (tryp- 
Binogen] out of which trypsin is formed, yet the conversion of the one 
into the other only takes place by degrees. Dilute acid appears to aoiit 
and accelerate the convoi-sion. und if a recuut pimcreos be rubbed up with 
dilute acid before dehydration, a glycerin extract made afterward, even 
though the gland may hare been only recently removed from the body, ii 
very active. 

Propertie/i. — Pancreatic juice is colorlees, transparent, and slightly 
viscid, 'alkaline in reaction. II varies in specific gravity from lOIO to 
1015, acconling to whether it is obtiiined from a. permanent fistula — tlien 
morw watery— or from a newjy-oponed <luct. The solids vary in a tempo- 
rary fietula from 80 to tOO parts per thousand, and in a jwrmanent one 
from 16 to 60 per thousand. 

Chbhical Composition of the PajfCRBATic Secrbtiok. 



{ 



From a permanent Sstula. (Bemstcin.) 

Water 976 

Solids — Ferments ; 

Proteide. including Serum — Albumin. Casein, ( .. 

Leucin and Tyrosin, Fats and Soaps . . ( 
Inorganic residue, especially Sodium Carbonate . 8 

— 25 

1000 

Punctiotu. — (1.) It converts proteitis into peptones, the intermediate 
proiluct being nnt akin to syntonin or atnd-albumin, as in gafltrie digw-' 
tion, but to alkati-albumin. KiJline believes tiiat the intermediate pro- 
ducts, both in the peptic and pancreatic digestion of proteids, are two. 
viz.. antialbumose and hemialbumose, and that the peptones formed cor- 
respond to these, viz., antii)eptone and hemipeptone. Tlje hemipeptono 
is capable of being converted by the action of the pancreatic feimen^— 
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irypain — into leacin and tyrosin, but is not so chauged by pepsui; t!ie 
antij)«ptoue cannot Ije further nplic up. Tlie products of pahcreatic 
digestion are sonietimea further complicated by the appoarance of certain 
fiecal rabstances, of which indol aiid uaphthilaminc are the most impor- 
tant. (KQIiue.) 

When the digestion goes on for a long time the indol is formed in con- 
siderable quantities, and emits a moBt disagreeable fieoal odor, winch was 
attributed to piitrufuctiuii till Ruline shu'H'ed its true nature. All the al- 
buminotis or proteid eiibstauctfe which have not been converted into jiep- 
^■tone, and absorbed in the stomach, and the partially changed Bnbstanccit, 
i.e., the parapeptonea, are converted into peptone by the pancreatic juice, 
and then in itart into leucin and tyrosin. 
^H (2.) Niiroffenoue bodies other than pratfxds, are nnt to any extent 
^^ altered. Mucin can. however, be diasolvcd, but not gelatin or homy tis- 



t 



sues. 



('A.) Starch is conrerled into phcose in an exactly similar manner to 
that which happens with the saliva. As mentioned Ijefore, it seema not 
nnlikely that glucoae is not formed at once from starch, but that certain 
dextiines are intermediate products. If tlie sugar which in at lipwt formed, 
ae is stated by some chomiate, be not glucose but nmltoec, at any rate the 
pancreatic juice after a time completes the whole change of stArch into 
glucose. There it a distinct amylolytic ferment (Aniylopsin) in the pan- 
creatic juico which cannot be distinguished from ptyalin. 

(4.) Oils and fats are both eimil^ified and »plit up into their fatttf 
arid* and glyctrxn bij pancreatic ftecreiton. Even if part of this action is 
due to the alkalinity of the medium, it is probable that there ia a third 
distinct ferment (Stcapsin) which fo^^ilitatea the change. 

Several cases have been recorded in which the pancreatic duct being 
obslructc-d, so that its bccretiun coutd not be discharged, fatty or oily 
matter was abundantly discharged from the int«8tine8. In nearly aU 
these cases, indeed, the liver was ooinoidently diseased, and the change 
or absence of the bile might appe-ar to contribute to the result; yet the 
fr^iuency of extensive iliiwaso of the liver, unaccompanied by fatty dis- 
charges from the intestines, favors the view that, in those cases, it is to 
the absence of thu pancreatic tluid from the intestines that the excretion 
or non -absorption of fatty matter should bo ascribed. 

(5.) It po.ue»aeti the property of curdling miHc, containing a special 
(rennet) ferment for that purpose. The ferment is distinct from trypsin, 
and will act in the presence of an acid (W. Koherts). 

Conditions favorable to the Action of the Pancreatic Juice.— 
Those are similar to thoao which are favorable to the notion of the saliva, 
and the reverse (p. 331). 
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TR£ LirsR, 

The Liver, the largeet gland in the body, situated in the &bdom£ii. 
chiefly on the right side, is an extremely vtusculur orgau, and receives its 
supply of blood from two distinct vessels, the portai vein and hfjmliecf' 
iery, whilft the blood is returned from it into the vena cava inferior by 
the hepatic veins. Its setTetion, the bHe. in conveyed from it by the 
hepatic duct, eittuT directly into the intestine, or, vhen digestion is not 
going on, into the cystic ^Mci, and thence into the gall-bladder, where it 



Pia. toe.— Th4> uDdirr MurfftM oF tbo Uvt^. o. e. . KOll-UttAdrr; n. n.. «onuiMMi b0«>dDet: ■. k. 
hmiWJv ftrtery; v. v.. purlal vrln: i. ij., lL>bikltw quadnuw^ u a.. Ii:'bu)ua qilcMU: u v., lotMlis cm- 
(Ulus: n. v.ductiw vnioHiu: l-. v., iimblUckl vdn. (NaUo SnUUi.) 



uccumulatca until required. The portal vein, hepatic artery, and hopatk 
duct bninidi together throughout the livor, while the hepatic reinB auil 
their tributaries run by thomsolvcB. 

On the onUide the liver has an incomplete covering of peritoneuiu, 
and beneath this is a very fine coat of areolar tissue, continuous over the 
whole surface of the organ. It is thickest wliero the peritoneum is absent, 
and is continuous on the general sTirffire of the liver with the fine awl, 
in the human subject, almost imperceptible, areolar tifiBue investing the 
lobules. At the transverse fissure it is merged in the aroohtr iiivfjitnient 
colled QlisBon's capsule, which, surrounding the portal vein, hepatic ur* 
tery, and hepatio duct, as they enter at this part, accompanies them in 
their branchings through the substance of the hver. 

Structure. — The liver in made up of small roundish or o^ral portions 
called hliik-^, each of which is about ^ of an inch in diameter, and wm- 
posod of the minute bmnohcfi of the pnrtal vein, hepatic artery, bepatit; 
duct, ami hepatic vein; while the interstices of these vessels are fill«4 
by the liver cells. The hepatic oells (Ptg. li)7), which form the glandular 
or secreting part of the liver, are of a spheroidal form, somewhat poIii*g- 
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from mntiud pressurd about -g^ to j^ inch in diameter, pogscae- 
!onc. i)Uineliin«« two nuclei. The cell-Bobstance contnins numerous 
ittv mol«(;ul««, and «ome yellowiali -brown gmnnles of bilp-[>igment. The 
tx\l» sometimes exhibit slow ammboul movements. They are held to- 
gether b}' a vtrj delicate BusCentacubu- tiaeno, continnons with the inter- 
bbnlar connectiro tieeue. 

To underatond the distributiou of the blood-TeeaeU in the tiver, it 
will be well to trace, firat, the two blood-Te«selB and the daot which enter 
the oi^i on the under surface at the trangrerse fissure, viz., the portal 
rein, hepatic artery, and hepatic duct As before remarked, nil thi-ee 
mn in company, and their appearance on loDgitudinsl section ia uhowii iti 
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Ito. NT.— A. Wm-oeBa. B. IMtto, conuiainc Tsrlow iIimI panidM at ht. 

Via. K^— LomIUkI htiil areilnii (iir n jKiriAl Fanal, oowiaJBlin a porul vain, li«|wlli wtrtT wai 
kaatlo duM, mm UM pir. r. bnuu-iiorvi<iuipon«,rit«UalB« po«tMl«uil ronacd aiDnacat tko 
lofaiteaf ttwUfvr, tl, UKlictiltixMfr tu(i(u>l hrsuirlm: Umtb mn ako MHt wbUn tb* Ian* pnrul 
Vita wtmtmat ortKM of itae KR»lkat lulvrlubulnr tdUm ntttag Oinettr tnm tl ; a. h«v«U(i uterr; 



Fig. 198. Running together through the substance of the liver, they are 
contained in smiill channels called portal canals, their immediate invest- 
ment lieing a sheath of art^olnr tissue (OlJMion's capsule). 

To take the distribution of the portd rein Brrt:— In its conrse throngh 
the liver this ve«eel gives olT small branches which divide and HuMtvide 
between the lobules surrounding them and limiting them, and from this 
cinnim<tance called tn/«r-lobular veins. From these small veseelaa deaae 
capillary network is prolonged into the substance of the lobule, and this 
network,' gradually gathering itself np, »o to st>eak, iutxj larger vesseU, 
converges finally to a single small vein, occupying the centre of the lobule, 
and henco culled iwirolobulnr. This iirrshgoniLiit is well seen in Fig. 
lS9j which represeats a transverse sectiyn gf a lubule. 
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The amtdl in(ra-hhn\ar voina discharge their contents into veins called 
«u6-lobiiliir {hhh, Kig. 200); while these again, by their union, torn 



Vw. lD0.~OroB»Hii>otloii of II kibiilp "T ih" hiiFiiftn llfvr, In wMcti Uw cftpiUatr nmrart btma 
tlii> iMirtol kihI hapAtir reita hiw bn-Ei full>* liijm^iM. ■.■pelloaor ilir infm-lDbutar n^n: S. iUinuirt 
Iirtu».-hi'a •.■olhKrtilnK Mo«1 frwrn Ihr iniilllorT iiftnprk; 8, intrrti-huitr tmnctiai of tiMWOaporW 
willi Ih'-lr uiiaUm' rnuiifluiUuiw tmaiuK Uiniu'il luwanl Ute cipilljkiy aelixwk la Ibe mtaUna'tf 
U)c lubuia. X Kl. iSanwr-} 






--^^'i->. 



Se 
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^ss: 



FM. goD—fiAcrtlan of a pottjim of liver pomlDg loniriiudlnBlty throii)Btaai«oiiB(d«nblelMTWleTnM, 

froni Uin plr. r. lirpatir Tmaiia (nmh, ngiillul niilt-h Uii' iildis ot IIh.- lobuta </> <ue MfllllicKl : Jti. A. t. 

BudlobulBT D'CDUic wtiDA. ou wbJfh Che bom of ili>? lubuliv rwt, and Uirouifh ih« ooUi m whM f" 
BJ* ^vn u ptUfgiHiAl n^mc /. niouibof ihr lutiBJubulnr tpIcw. n|ipniii£ iniu Uip mbkibiilBr ii_ 
I'. iBinlObOlirvQtM ibown pwBine tip itip cviilr? ot boih>- divided li^bulw: f. I. cvt tniTMBCCt 
Itrer: r. «, walk of Uw bcptUlc vendUK canal, (onned by the [uljti^Bl baacn of !!■! IcfailcK. X Ih 1 
|KisniAD.l 

the main hmnrhes of the hepatic veiiie, which Ie»ve the poeteHor border] 
of the livor to end by two or three principal trunks in the interior vra*] 
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jnit beforo iU peasage throngh the diaphra^. The i?«A-Iobnlar 
tpaiic ivr'n«, uulike the portal vein and its companions, hare iittle 
areolar tte«ue srviuml them, and their coat* beiiii; v«ry thin, they 
little more than mere olmnnels in the liver substiuice mbich clcMely 
inda them. 

ae manner in which the lobiilee arc connected with the nt^hbular 
by meana of tho small intra- lobular veins \s well »een in the diagnm 
200 and in Fig. i201), which reprraeut 
oris AS seen in a longitudinal section. 
ipl>earance hoA been likened to a twig 
g loavet without foot^tnlks — the lobules 
kenting the leaves, and the nub-lohuifir 
he itmall branch from which it spnng:>;. 
tnuuveree section, the appearanuc of the 
■lobular veins is that nf 1, Fig. 199, 
both a traiisrerse and tongitadinal we- 
re exhibited in Fig. ] TR. 
le hepatic orteQ', the function of which 
Ustributc blowl for nutrition to GUssou'b 
le, the waJU of the duet* and blood- 
B, and other parts of the liter, is distnb- 
in a very similar manner to the portal 
its blood being returneil by small branches either into the rami- 
ma of the porta! vein, or into the cnpillary plexns of the lobules 
[ oonneots the infer and intm lobular veins. 



tObuU, 



^ 



no. m.— DIarnuB aluvliir Uift 
maiiBar In which IhalobnlMiMtlM 
Uwr rem on the miblobular wkw. 
Uft«rKf«rs«a.) 




I ML— CVaUrj uiKttnrh <ii iIh- kibuin <il Uw rabbWa Ufv. TIm- ii«iin> la uktn Iran • Mfjr 
MlHMttbiioribi>lir|>iui>- iriiw. iii«<1<->ir H«rUi«: H khow* ncAtt; the wttoleof twololMlak 
linf 0— 'mhiTw, iM«iruJliriui'_-l)n niiiiiiiqilii ilH>lDUTlobiiliir ■jw.'m: h, hvjHUc vataH pMi- 



rAAdradlAllOKlran Utcivntrvartfaelmhulcft x IB. (Klltlliiv.) 



1)0 hepatic dnct divides and snbdirides in a mflnner vonr like that of 
ortal vein and hepatic artery, the larger branches being lined by 
iricaJ, and tlie KmuUer by smM polt/^onal epithelium. 




272 



HAND-BOOK OF PHYSIODOOY. 



The bile-cnpillariee commence between tlio hepatic oells, and are* 
bounded by a delicate mcmbmnoua wait of their own. They appear to 
bn lUwayH boumlecl by hepatic cellu on all sides, and are thos aeparatfil 

from the nearest blood* capillary by at lea^t Uw 
breadth t>( one eel! (Figs. 203 and 204). 

The Gall-Bladder.— Tht>GaU-bladdertG, 
B, Fig. 196) is )L pyriform bag, attached to tbe 
under surface of the liver, and gnpportcd uUo 
by the peritoneum, which passes below it. The 
larger end or fundus, projects beyond the 
front margin of the liver; while the amaller end 
contract» intu the cystic Uuirl. 

Structure.— The walla of the gall-bladder 
are constructed of three principal coats. (I) 
Exteniully (excepting that jturt which Is in 
contact with the liver), i« the serous coat, 
which has the same etmcturo aa the pent«netim 
with which it is continuous. Witliin this ii 
(2) the jihrous or areoliir coat, condtruewd of 
tongh flbrone and elaBtic tiesue, with which is 
mingled a considerable number of plain mnscv- 
larfibres, biithUinf^ittJilinal and circular. (3) Internally the gall-bladdi-r 
is lined by mucous membrane, and a layer of columnar epithelium. Tbe 
Bitrface of the mu^'ona membrane presentt to the naked eye a minutely 
honeycombed appearance from a number of tiny polygomd depresai&ns 
with iniorvcning ridges, by which its surface is mapped out. In thecyalic 
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no, acs— ["ortftMiof Alobiili^tff 

IK'T. ii.\>i\r L*ll|]IUlirIm Wlxn-ii 

I* HI ell loell; A, blu'l i-niiilliirlDa. 
XBaO. (KMuuidNobl«tiuuUi.j 
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Pia. OH.— II«pAllo«ella ftod blli- A[<rilAH<«, ftwu the Mxtr of k t^hlld thm munUM tdd. BoIB If 
um n-praawt FrifpiiMilii or « H^lon i.'nrrtnl 'linniKli 'In- |»-rli>br>n- of a l4t)\ih<. T1i>rvd C M C lW ^w I 
of Uir nliviil am roooc<tl>M] ■>* UiriroirvulAr n^tir'nir; ni, G»rTcti|iunilii tii ma InU^riubulor vrinlnlm- 
uinliAtP |ir»xlmlty imh which ■«■ Ihr (•[.mitrtinl —llii ofthf btUan- .lucln, w whlth, «t Uw lovari^n 
«ribi;ng:uramtieanulllAr|tcrhi.-patlci-<il«wu>l<lfnlr«UOC«*d. (B U<?rlug ) 

duct the mucona membrane is raiBcd up in the form of creacentic foW«, 
which together appear like a spinil valve, and which minister to the 
function oX the gall-bladder in retaining the bile during the int«rva]a of 
digestion. 
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The g;all-bladdpr and all the main biliary ducts are proviileil witli 
mncDUR gluiulb. whii'li opun uii tltuir iuU-'niul surface. 

Functions of the Liver. — The functione of the Liver may Iw 
cla&iitied iiniler the fallowing hfiiuls: — 1. The Secretion of Bilo. 2. The 
ElatKiration of Blood; under this head may be included the Olycogenio 
Function. 



I 



I. The SECREnoN op Biliu 

Properties of the Bile.— The hile is a somewhat viscid fluid, of a 
yellow cir wddiah-yellow color, a strongly bitter taste, nnd, when fresh, 
with a scarcely perceptible odor: it has a neutral or siiglitly alkaline reac- 
tion, and its sjwcillc gravity is about 102O. Ita colur and degree of con- 
aatenco vary much, apparently independent of disease; hut. as a rule, it 
bocomes gradually more deeply colorini ami thicker a« il advances along 
its ducts, or wlieu it remains long in the gall-bladder, wherein, at the 
same time, it becomes more viscid and ropy, of a darker color, and more 
biltcr tiutte. mainly from its greater degrw at concentration, on account 
of partial absorption of its water, bnt partly also from being mixed with 
mucus. 

Chemical Composition of Human Bile. (Frorichs.) 

Water fi.'i^-S 

Solids 140-S 

lOtKl-0 

Bile stilts or Bilin 91-5 

Fat »-» 

Cholesterin 9.6 

Mucus and coloring matters 20.8 

Salts 7-7 

\ 

140-8 

Bile salts, or IHUh, can be obtained ns colorless, exceedingly deliques- 
cent crystals, soluble in watcTf alcohol, and alkaline solutions, giving to 
the Watery snliition the tjiste and general characters of bile. They consist 
of Bodium salts of glycocholic and taurocholie acids. The former salt is 
oompoaed of chotic acid conjugated with glycin (see Appendix^ the latter 
of the Bonio acid conjugattMl witli taurin. The pni|)(>rt.iiin of these (wo 
aalta in the hile of different animals varies, e.y., in ox bile the glycocho- 
late IB in great excess, whereas the bile of the dog, utt. bear, and other 
earnirora contains taurochoUtte alone; iu hiinian bile both are present in 
abont the same amount (glycochohite in excess?). 

Preparation of Bile Salt. — Bile salts may be prepared in the fol- 
VoL. I.— 18. 
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lowing manner: mix bile which hm been craporated to a qoftrtor of itt 
hulk with animal olinrcoal, and evajjorate to perfcrt dryness in a water 
huth. Next (extract the inase wliilst etill vrtarm with absolute alooboL 
•t^ujiaratc the iilcoholic extract by filtration, and to it add perfectly aD]i]r- 
drons ether as lung us a precipituti* u thrown down. The eululion iiai 
precipitate should be eot aaide in a closely stoppered bottle for Bonie dajs, 
when cryatals of the bile salts or bilin will have separated out. The gW* 
■cocholiito may be scpaTated from the taurocholate by diaaolving bilin in 
water, and adding to it a aolutioii of neiitriil lead acetate, and tiicn u little 
basic lead iicctnto, when leail glyeocholato separates out. Filter and add 
to the filtrate lead acetate ami ammonia, a precipitate of lead tanrocho- 
late will be formed, which muy be filtered ofl. In both oaEee^ ibe lead 
may be got rid of by suspeuding or dissoh-jng in hot alcohol, adding 
hydrogen sulphate, filtering and allowing the acids to separate out by ; 
addition of water. 

The te-9t for bile salts is known as PettenVofer's. If to an a<jiw 
Intion of the salts strong sulphuric acid be added, the bile atids urc j 
of all precipit-ated, but on the further addition of the acid iirc re-dissolved. 
If to the iK)ltitton a drop of solution of cane engar bo added, a fine pasjia 
color is developed. 

The re-uction will »lso occur on the addition of grape or fruit sugar 
instead of eano Migar. slowly witli the lirnl, (jiiickly with the last; am a 
color similar to the above ia pniduced by the action of suljdiuric acid and 
sugar on albumen, the crvsttuliiie lent), nerve tiBSue, oleic acid, pure ether, 
cholesteriu, morphia, uoueia and amylio alcoboL 



i 



The Ht*('trimi of Pettenkofer's roaetion, when the fluid is moderately 
diluted, shows four bauds — the most marked and largest at K, and a little 
to the left; another at F; a third between D and £, Aearer to D; uud 
the fourth near D. 

The yellow cahring nmtter of the bile of man and the OamiTcn ii 
termed Bilirubin or BilifulviTi (c„h„n,oJ crystallizable and insoluble m. 
water, soluble in chlomfonu or carbon diHulphatc; agrcen coloring matter, 
Bilir/'rilin <'^,„H„^■,«»), which always exists in largo amount in the bile of 
HerbiTora, being formed from bilirubin on exiHisure to the air, or by mb- 
jocting the bile to any other oxidizing aj^ncy, as by adding nitric acid. 
When the bile has been long in the gall-bladder, a third pigment, Bilipra- 
gin, may be also found in small amount. ■ 

In cases of biliary obstruction, the coloring mattw of the bile is »•' 
altsorbed. and cirrulatcs with the blood, giving to the tiseuea the yellow 
tint ehariictoristio of jaundice. 

Tho coloring matters of human bile do not appear to give characterisUi 
ab8or]ition ttjicctra; but the bile of tho guinea pig, rabbit, mouse, eh 
ox, and orow do so, the moat constant of which appears to bo a band at 
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The bile of the sheep and ox give three bonds in a tliick layer, and 
four or five hands with a thinner layer, one on each side of D. one near 
£, and a faint line at F. (McJlunn.) 

Theru Eteenis to bu u close rulutiouehip between the color-matter of the 
blood and of the bite, and it may be added, bctveen these and that of the 
urine (nrobilin), imd of the fascca (atercohilin) also; it is probable they 
am, all of them, varieties of the same pipneiil, ur derived from rlio same 
aoarce. Indeed it is maintained that Urobilin \& identical with lltfdro- 
biiiruhin, a Babrtance which is obtained from bilirubin by the lurtion uf 
aodium amalgam, or by the lu-iiurt cf tXHHinn ainaltriim on olkatiiio luema- 
tiii; both urobilin and hvdrobiliruiun giving a charucteriatic !ib«sor|ilion 
band between band F. They arc also identical with atercobilin, which 
is formed in the alimentary- vanul frttni bile pigments. 

A common ffst (Omclin'i) for the presence of bile-pigmeni consiatB of 
the addition of a small quantity of nitric acid, yellow with nitniua acid; 
if bUo be present, a play of colors is prodnced, beginning,' with green and 
passing through blue and violet to red, and lastly to yellow. The apec- 
tnun of Gmclin*B test gives a black band 
extending from near b to beyond F. 

Ffitltf ■lubf/ancf.t are found iu variable 
proportions in the bile. Besides the ordinary 
saponifiable fats, there ia a smalt quantity 
of Cholfslrrin, a so-ciilled non-saponifiable 
fat, which, with the other free fats, is prob- 
ablr held in solution by the bile salts. It 
ia a body belonging to the class of mon- 
atomic alcohols (n,,n,,ol, and crystallizes in 
rhombic plates (Fig. 30S). It is insoluble in 
water and cold alcohol, but dissolves easily 
in boiling alcohol or ether. It gives a red 
color with strong snlphnric acid, and with nitric acid and ammonia; also 
a play of colors beginning with blood re<l and ending with green on 
the addition of sulphuric acid and chloroform. LecHhin (c„H^>-po,), 
a phosphorus-containing body and Netirin (c,n„xo,), are also found in 

tl>ile, the latter probably a* a decompoHition product of the former. 
I The Mucus in bile is derived from the mucons membrane and glands 
of the gall- Iliad dor, and of the heiKitic ducts. It constitutes the residue 
after bile is treated with alcohol. The epithelium with which it is mixed 
may be detected in the bile with the mieroecoiw in the form of cylindrical 
celU. either scattered or still held together in layers. To the presence of 
the mncns !s probably to be ascribed the rapid decom|JOsition undergone 
hy the bilin: for, according to Berzelins, if the mucus b« separated, bile 
rill reniiiin nnrhanped for many davs. 

The Saiinf or inorga»ie m/ish'/titnis of the bile are similar to thoM 
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found in moflt other eecretcMl Huitls. It is poBsible that tho carbonata and 
iieiitml {ihoitphute of sodium uad potassium, found iti the ajthcv of bile, 
aix' fiirnied in the incineration, and do not exi«t as such iu the fluid. 
Oxide of iron is said to be a common constituent of the a^hee of bile, and 
copper 18 gencnilly found in healthy bile, and constant]}' in hiliaiy calcalL 

Gu:i — A ccrtiiiii small amount of wirbonic acid, orygeu, and nitrogen, 
may be extnictod from bile. 

Mode of Secretion and Discharge. — The process of socroiing bile 
is continually going on, but api'our^ to bu rGturdi;ct during fasting, anil 
accelerated oa taking food. This hua bwa sho^^ii by tying tho common 
bile-duet of a dog, and eatablishing a £istu]ouH o])«niuK between the skin 
and gall-blrtdder, whereby all the bile secreted was discharged at theaiir- 
face. It was notiood that whcu the animal was fasting, sometimes noi a 
drop of bile wafi discharged for HevenU huurs; but that, in about ten min- 
utea after the introduction of food into tho stomach, the bile began U» 
flow ahinidimtly, and continued to do so daring tho whole period of diRes- 
tion. (15lL>nd]ol, iJidder and Bchmidt.) 

The bile i& formed in the hepatic colls; then, being di«:hai;ged into 
tbe minute hepatic ducts, it pasitea into the larger trunks, and from tb« 
main hepatic duct maybe carried nt once into the dnodt-num. Bni,prol>- 
ably, this happens only while digestion is going on; during fasting, it 
regurgitates from tlii> common bib-duct through the cystic dura, into the 
galUbladder, where it accumulates till, in the next ])criod of drgoation, it 
is discharged Into the intestine. The gall-blndder thus fulfils what ap- 
pears to be its chief or otdy office, that of a resoiroir; for its preeenc^ ■ 
enables bile to be constantly eecreted, yet insures its employment in thaf 
service of digestion, although digestion is periodic, and the secretion of 
bile constant. 

The mechanism by which the bile pasExw into the gall-bladder is nm- 
plc. The orifice through which the common bile-dnct communicate* 
with the dtiodenum is narrower than the duct, and apjiears to beclosod, _ 
except when there is suflit^ent pressure behind to force the bile throu(;hfl 
it. The pressure exercised upon tho bile secreted during the intervals of 
digestion appears insutficient to overcome the force with which the ori- 
fice of the duct is closed; and the bile in the common dnct, finding no 
exit in the intestine, traverses the cystic duct, and i«o passes into the gall* 
blufider, being probably aided in this retrograde course by the iwristaltic 
action of the ducts. The bile is discharged from the gall-bladder an 
ertora tho duodenum on tlio introduction of food into the small iute^ine: 
being pressed on liy the contraction of the coats of the pall- bladder, an 
of the coinnuMi biEe-dnct idso; for both these organs contAin nnstriped 
muscular fibre -cella. Their contraction is excited by the stimulus of the 
food in the duodenum acting so as to produce a reflex movement, the forca 
of which is sufiicient to open the orifice of the common bile>duct. 
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ile, M such, 18 not pro<fonneil in Oie hlood. As jnst obeerred, it is 
fonn<H] hy t\ni hopatin celts, lUtliough 8onio of the material may W brought 
to them almost in the condition for immediate secretion. When it is, 
howevtT, |mveut«il by an obstruction of 8ome kind, from eBcapliij; into 
le intestine (as by the passage of a gail-sfone alon^ tlie hepatic duct) it 
AhftorbtM) in groat ctcom into the blood, and, circulating with it, girea 
to the tt'cll-known phenomena of jniindice. This is explained by the 
H tliat the preaaure of M-crotion in the ducte is normally very low, and 
if it exceeds J tneh of mercury (IC mm.) the aecretiou censes to be poured 
out, «nd if the opposing forco be increas&d, the bile finds its way into 

Ptbo blood. 
Quantity. — Various eolimates hare been made of the gttantitff of bite 
discharged into the intestines in twonty-four hours: the qnautity doubtless 
Tarving, like that of the gastric fluid, in pro]M)rtinn to the amount of 
food taken. A fair average of seTcm.! computations would giTe 20 to 
40 oz. (tXXi — 900 ce. ) as the quantity daily secreted by man. 

Uses. — (1) As an rxn-nnenlitinus aubatani^e, Ihfl t)iIo may serve 
e^ncinlly as a medium for tlie separation of excess of cnrtKin and liydrogen 
from the blood; and its uduptutiou to this purjKise is Tret] illiutnated by 
tbe peculiarities attending its secretion and disposal in the foetus. During 
intra-uterine life, th*> lung« and the intestinal canal are almost inariive; 
there u no respiration of open air or digestion of food; these are unneccs- 
■r ••IT, on account of the supply of -well elaborated nutriment received hy 
^pUie ToMela of the fcotus at the placenta. Tho ]i\'cr, during the same time, 
is proportionately larger than it is after birth, and the secretion of bile 'a 
active, aJthongh tliere is no food in the intestinal canal u|ton ivhieh it 
oui «xorui»o any digestiro projierty. At birfh, tlio intestinal canal is full 
of thick bile, mixed with intestinal secretion: the meconium, or faKvn of 
the fa'lus, containing all Die vesential principles of bile. 



Compoflitirfn of Meeoninm (Frerichs): 

Ltilian' resin IS. 6 

(.'oninion fut and chole»iteriii .... 15.4 

£pithciium, mueue, pigment, and eaXXa . . (i*J.O 




100.0 



In the fa*tUR. therefore, the main purpose of tho soeretion of bile must be 
the purification of blood by direct excretion, i.e., by separation from the 
bloot], and ejection from the body without fiirther change. Probably all 
tho bile secreted in fiPtal life is incorporated in the meconium, and with 
it disrharged, and thus the liver may be said to disclmrge n function in 
aomo sense ricarions of that of the lungs. For. in the fa>tu», nearly all 
the blood coming from the placenta paMies through the liver, previous tu 
ita distribntion to the scvcmt organs of the body: and the &batnu.>tion of 
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rarlmn, hydroj^cn, mid other dementfl of bile vHU pnrify it, as in eitm- 
uteriiio life it is puriiied by the scparatioa of carbonic acid and nattr at 
tlii^ luugs. 

The evident dispowil of the foetal bile by excretinn, makes it hijriily 
prohublc that the Inlu iu cxtra-utcrino Ufa ts also, nt least in part, dc^tiuHl 
to bv diiiehurged a« excrmneutiUoue. The- uualy^iti of the fKoe« of boUi 
children and adult« bUows that (except when nipidly discharged in par- 
gjitioii) they contain very little of the bile Beci-oted, probably not nwre 
tliiui one-sixteenth part of its weight, and that this portion inclode* 
chiefly its coloring, and some of its fatty mutters, and to only a very 
Blight degree, its calts, almost all of which have been rc-absorbed from 
Um intestines into the blood. 

The clemontiiry composition of bile salts shows, however, such a yn- 
pondcraucc of carbon and hydrogen, that probably, after absorption, it 
combines with oxygen, and is excreted in tlje form of carbonic acid and 
water. The change after birtli, from the direct to the indirect mode of 
excretion of the bile, may, with much probability, be connected with* 
purpose in relation to the development of hcnt. The trf-'mporature of ihft 
fo'tiis is maintained by Umt of the parent, and needs no source of hut 
vithin itself; but, in cxtra-utcrinc Ufc, there is (as one may eay) a waste 
of material for heat ^'heii any excretion is discharged onoxidtzcd; the 
carbon and hydrogen of the bilin, therefore, ins tend of being ejected in 
the fffices, are rc-absorbed, in order that they may be combined with 
oxygen, and that iu the combination heat may be generated. 

A substance, whioh has been discovered in the free**, and named $tfr- 
coHn is closely allied to cholcstcrin; and it has been BUggosted that whilft 
one great function of the liver is to excrete cliolesterin from the blood, ss 
the kidney excretes urea, the stcrcorin of fxecs is the modilied form in 
which cholestorin tinally leaves the body. Ten grains and a half of star- 
corin are excreted daily (A. Fliut). 

From till? peculiar manner in which the liver is supplied with mach 
of the blood that flows through it, it is probable that this organ is excre- 
tory, not only for auch hydro-carbonaceous matters as may need cxpulsiMi 
from any portion of the blood, but that it serves for the direct puriflcation 
of the stream which, arriving by the portal vein, has just gathered up 
various gubsiancea in its ctmrse through the digestive orgauB — substanoefl 
which may nued to be expelled, oltnoet immcdiiitcly after their absorption. 
For it is easily conceivable that many things may be taken up during 
digestion, which not only are unfit for purpoees of nutrition, but which 
would be positively injurious if allowed to mingle with the general mass 
of the blood. The liver, therefore, may be 8up]>osed placed in the only 
road by which eiicli mattera cjin patis uiichan^d inU} the gimeral current, 
jealously to guard against their further progress, and tuni them back 
again into an excretory clmnuel. The frequency with wliich metalHo 
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>ia(ni8 ore either tixcroted by the Iircr, or intorcoptod and retained, often 
for n coiisiilerablo time, in its own eiibstjiaoe, niuy be wlduceU as ovidenoe 
for llie probublo trutli uf lliie sii|i[)08itiuii. 

(2). J* a diye^ftt^e fitml — Thoiiph one chief pnrpose of the e(.-cretioQ 
of bile may thus appear to be the puriftcatton of the btootl by nltimate 
excretion, yoi thwc arc many reasons for believing that, while it is in the 
intestines, it performs an important |Kirt in the proceiiA of digestion. In 
□early all animals, for example, tlic bite is dieithargcd, not through on 
excretory doct commnniraiing with tlie external Biirface or with a simple 
Teeenroir, as most excruiiotia im;. but is mtule to {lufis into tliti inieslinal 
canal, so as to he mingled with the chyme directly after it leaves the 
^stomach; an arrangement, the cuust&ncy of which clearly indicates that 
!io bile has some im|Kirtant relations to the food with which it is thus 
mixtnl. A similar indication i.i furnished also by the fact that the secre- 
tion of bile i.< most active, and the quantity discharged into the intestines 
mch greater, during digestion than at any other time; although, with- 
out doubt, this activity of sec^retiun during digestion may, however, be 
in port ai)cril)ed to the fact that a greater quantity of blooti is sent thmugh 
the portal vein to the IJverat this time, imd that this blood contains some 
of the muturiala of thu food absorbud from the stomach and tnttwtines. 
which nuiy need to be excreted, eitlier ttimporarily (to be afterward reab- 
•orbed) or permanently. 

R«s|iecting the functions dischai^^ by the bilo in digestion there is 
little doubt thai, it, {«.) assists in eniuUifying tke falli/ porttOfUi of the 
fftod, fmd thus rendering them cajmblo of being absorbed by the lartcols. 
For it has appeared in mmo experiments in which the common bile-duct 
was tied, that, although the process of digestion in the stomach was un- 
affoctetl. chyle was no longer well formed; the contents of the lacteols 
ooEUistin^ of clear, colorless fluid, instead of being opoquo and white, as 
tbey onlinarity are, after feeding. 

{h.) It is probable, also, that the moiateninp of the mticous nirmhnine 

Pot tbo intestines by bile facilitates absorption of fatty matters through it. 
I (c.) The bile, like the gnstric fluid, has a conBidenible antiseptic 
jMiwpr, and may wrvB tn prpvent the dcromjKMition of food during the 
time of its «>journ in the intestines. Exjieriments show that the eon- 
^■miU of the intestines arc much more fcetid after the common bile-duct 
^uw been tieil than at other times: moreover, it is found that the mixture 
^BCbile with a fermenting fluid etopg or spoils the process of fermentation. 
^K (rf.) The bile has also been considered to act as a natural purgativt, 
Iky promoting an increased secretion of the intestinal gland», ami by 
stimulating the intestines to the propulsion of their contents. This view 
reccivM support from the constipation which ordinarily exists in janndico, 
^irom the diarrhtra which arcompanica cxoeasive secretion of bile, uid from 
le purgative proiieniiw of ox-gall. 
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(fl.) The bile apiwara to have tho ])ower of jtreripitatitiff lA« gudrie 

parapaptones and ^spiones, together with the pepsin which is mixed up 
vrith them, as soon us the contunts of the stooiauh tneut it in the duo- 
denum. Tho purpose of this operation is probablr both to delar uiv 
change in the panii»eptoii«i until the pfinrroiitic jnice can act upou them, 
and also to prevent the pcjrain from exorcising its solvent action on the 
ferments of the pancreatic jiuoe. 

Nothing is known irith certainty respecting the chaugtw vhich tlie re- 
absorbed portions of the bile nndei-go. That they are mneb changed 
appeure from the inipo^iihility of det^H^tiiig them in the Mooil; und ihni 
piu't of this change is effected Jn the Uver is probable from an ospcrimen: 
of Magendie, who found that when lie irij«eted bile into the portal vein, 
a dog'was nnharmed, but was killed when he injected the bile into one of 
the systemic vessels. 



II. The Liyeb as a Blood-elabobatino Glaxdw 

The secretion of bile, as already obser^'od, is only one of the purposes 
fulfilled by the liver. Aitotlicr very important fuuctiiui apjKiars to Lie 
that of 80 acting npon certain constituents of the blood passing throiipb 
it, as to render some of tlicm capable of lissimilation with the blood gen- 
erally, and to pi-epjire others for being duly ehminated in the process of 
respiration. U appeare that the peptones, conveyed fro7n the alimentary 
canal by the blood of the portal vein, require to be submitted to the influ- 
ence of the liver beforti tlioy can be afisiinilated by the blood: for if snob 
albuminous matter is injected into the jugular vein, it6}>cedily appears in 
the urine; but if introduced into tlie portal rein, and thuK allowed to 
traverse the liver, it is no longer ejected ut> u foreign subetancc, but a, 
incoi-porated with the albuminous part of tho blood. Albuminous mat- 
ters arc also subject to decomposition by the liver in another wav to be 
immetliately noticed (p. 2S1). The formation of urea by the liver will l» 
again referred to (p. 371). 

Glycogenic Function. — One of the chief usee of tho liver in connw- 
tion with ekboration of the blood its comprised in what ia known as in 
gltfcogenic function. The important fact that the liver normnlly forma 
glucose or grape sugar, or a substance readily convertible into ii. was dis- 
Mvered by Claude Bernard in the course of some experiments which ho 
undertook for the ]iuF])03e of finding out in what part of the circulatory 
system the saccharine niiitlcr dieappearod, which was absorbed from lbs 
alimentary canid. With tbU purpose he fed a dog for seven days with 
food containing a large quantity of sugar and starch; and, as might (« 
expected, found sugar in hotli the iwrlal and hcpatin veins. He then 
ioA a dog with moat only, and, to his surprise, still found sugar in th« 




DIGESTION. 



2Sl 



bcpatio veins. KepcAted experiitients gave inriiruibly the same rceult; no 
BQgar being founit, under a meiit diet, in the portal vein, if care were 
taken, by applying a ligiUura ou it ut the tranArerso fissure, to prevent 
reflux of hlwKi from the* heiiati<j vunous sf otem. Uvrnanl found sugar 
ulao in tia* 8ub«tunce of Ihu liver. It thus eeeuied cortuiu that the lirer 
forroetl sugar, even when, from the abnenre of saccharine and amyloid 
matters in the food, none eould be bmuglit directly t« it from the stomach 
or intestines. 

Excepting cnses in which large quantities of starch and sugar were 
taken as foo«]. no sugar wus found in tlio bluod after it had pasHcd ihrongh 
the lungs; the sugar formed by the livi-r. having presumably disappeared 
by conibuHtioii, in the cimrse ot the puUnonar}' circulation. 

Bernard found, subsequently to the before- mentioned experiments, 
that a liver, removed from the body, and from which all sugar bad been 
completely washed away by injecting u stream of water through its blood* 
TMwls, will be found, after the Upee of a few hours, to contain sugar in 
abnndance. This poni-mortftn production of angar was a fact which rould 
only be explained in the supposition that the liver contained a substance, 
readily coiiTertihIo into sugar in the course merely of post-mortem decom- 
position; and this theory was proved correct by the discmTry of a sub- 
stance in the liver allied to Ktarch, and now generally termed gltfcoffen. 
We may believe, theruforo, tliat the liver does nut form sugar directly 
from the materials brought to it by the blood, but that glycogen ia first 
formed and stor^Ml in it« mbstance; and that the sugar, when prevent, is 
Uio regult of the transfonnation of the latter. 

Qvaniitu nf Gl^fogca fitrmed. — Although, as before mentioned, glyco- 
gen is produced by the Uver when neither etaix-b nor sugar is preseut in 
the fooo, its UDiuunt is much less under such a diet. 

Averagv amount of Oiycogtn in tUt Liver of Dog$ untUr tvriout Ditli. 

(Pavy.) 

Diet. Amount of Glj-cogcn In Urvr. 

Animal food ■''itt pfr coat. 

Animal fowl with sugar (about } lb. of sugar daily) 14*5 '* 
Vegetable diet (potatoes, with bread or barley-meal) 1T"23 " 

Th« dependence of the formatioD of glycogen on the food taken is jilso 
well shown by the following results, obtained by the same experimenter; 



Average guaHtii;/ of GJfteotffn found in the Liver of RahhUit a/tor Faftintj 
and after a diet of Siareh and Sugar rfefiertiivlf/' 

Average araouut of Olycnjren in LIrer. 
After farting for throe days .... Practically absent. 
*' diet of starch and grope-augar . . . 15-4 per ccDl. 
•• '• cani'-sugar lfi"3 " 
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Beganling these £kU there m no dnpotaL AH are agned thai glra^ 
gen is lorniitd, and Imid up in Btocev tempo rari ly, br the Uver^elU; tai 
that it i« not totwed excltudrelj from Mocfaarine and uayheeaaa foods, 
but from aUmmiooiu tabrtanow aim; the albaaten, in the Utter aw, 
being pruUtbty gjilit up into ghcxiKvn, which u teinponnijr stored hi the 
lircr, aii*i nn-a, which is excret«<l bv the Icitlneys. 

Destination of Glycogen. — ^Thcre are two duet theories on Uw inb- 
ject of the destination of ylyoogcn. (1.) That the otmrersian of gljrn^a 
into sugar take« pUce rapidly during life by the agencr of a ferment tha 
formed in the lirer: and the sugar is convejed liWAy by the blood of the 
hepatic veins, and eoon nndcrgoes combustion. (2.) That the cauver- 
BtOD into sugar only occuni ufter death, and that during life no sngar 
cxiiU in hGalthy livers; glycogen nut andcrgoiug this tran&formstion. 
Tbe chief arguments advanced in support of this view are. (a) that 
scarcely a trace of sugar U found in blood drawn during life from tba 
right ventricle, or in blood collected from the right Bi<le of the heart im- 
Mft/ititefif after an aninuU has U«ii killed; while if the examination ha 
delayed for a Tcry short time after death, sugar in abundance may be 
found in such blood; ih), tli»C the liver, like the venous blood in thf 
hoart, is, at ibc moment of death, comptetcty free from sugar, although 
afterward its tissne speedily becomes saccharine, unless the formotioa of 
sugar be i)rev«nUid by freezing, boiling, or other means calculated to iu- 
terfere with the action of a ferment on the amyloid substance of the 
organ. Instead-of adupttug Bernard's view, that normally, during life, 
glycogen |)asse« us sugar into the hepatic veuoug blood, and thereby is 
crmveycd to the InngR to be further disposed of, Pai-y inclines to llie 
belief that it may represent an intermediate stage in tbe fomuition of (at 
from mitteriuU absorbed from the alimenturj' canjil. 

Liver-sugar and Glycogen. — Todemotistiatethepreeenceof sugar 
in the liver, a portion of this organ, after being cnt into small pieces, is 
bruiiied in a mortar to a pulji with a small quantity of water, and the 
pulp ii boiled with sodiumnsulphate iu order to precipitate albuminous 
and coloring ninttcra. The decoction is then filtered and may be tested 
for glucose {p. 230). 

('lycogL-n (c,TT„oJ is an amorphous, starch-like substance, odorleflBond 
tfistclcss, soluble in water, iiiaoluble in iileohol. It is convertwl intoglw- 
coBO by boiling with dilute acids, or by contuct with any animal fe^n^Il^ 
It may be obtained by taking a portion of liver from a recently kilted 
rabbit, and, after cutting it into small pieces, placing it for a shoit lime 
in boiling water, it is then bruised in a mortar, until it forms a pulpy 
maaa, and subsequently boiled In distilled water for about a quarter of an 
hour. The glycogen is precipitated from the filtered decoction by the 
addition of alcohol. GIyc'>>;en has been found in many other structures 
than the liver. (See Appendix. ) 
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Glycosuria.— The facility with which the glycogen of the liter is 
formed into sugar would lead to the expfctntion that this chemical 
Blunge, under many circuinstaiiceH, would ocair t« such an extent that 
mgar would be prMcnt noi only in thn hepatic Tclng, but in the blood 
genoraTly. Such is frequeotly the cuse; the eagar when, in extols iti the 
bloCHl being secreted by the kiduvvii, uud thuit appvurlug iu vuriuble quau- 
titiw iu the urine (Qlyc-osuria). 

Influence of the Nervous System in producing Glycosuria.— 

Glycosuria may bo e-XiKTimcntttlly pi-odnced by puncture of the mctlullu 
oblongata in the region of the vnao-inotor centre. The better f«I the 
animal tlie hu^r in the umotmt of sugiu* found in the urine: whcreii>t in 
ifae oaae of a stan'ing aiumal no eugar apiieara. It is, therefore, highly 
probable thiU the sugur oumes from the lie|iatic glycogen, since in the one 
CMu glycogen ie in excess, and in the other it is almost absent. The 
nature of the iufiuence i& uocertnin. It may be (>xercise4l iu dilating the 
beiHitic vessels, or possibty ou the liver cells theuigehes. The whule 
coiirw of the nerroua Himulus cannot be truced to the liver, but at firat 
it pMws from the niednlla down the spinal eoi-d aa far as — in rabbit* — 
the fourth dorsal vertebra, atul thence to the first thoracic ganglion. 

Many other circunietancea will cause glycosuria. It has been observed 
after the administration of various dnigs, after the injection of urari, 
poi»ontng with carbonic oxide gas. thu inlmlutioii of ether, chloroform. 
etc., the injection of oxygenated blood into the portal venous s^'Btem. It 
haa tn.i>n observed iji man after injuries to the head, and in the courw of 
various diaeaecs. 

The well-known disease, Hiahftm mrUitus, \n which a large quantity 
of BUg&r is [H?rsIstontIy secreted daily with the urine, has, doubtless, some 
close relation to the normal glycogenic function of the liver; but the 
nature of the relutioughip h at present quite unknown. 

The Intestinal Secretion, or Succus Entericus. — On account of 
the didiculty in Isotiiting lli<.> R-urvtitin of tlie glands lu the wall of tlie 
intcAtine {Hrunner'A Kod Ut-bwrkiilm')*) from other secretions poured into 
the canal (gastric jnic'e. bile, and ptinereatic aocretion), but little is known 
regarding the comiKJsition of the former fluid (intestinal jnicc, tmcua «u- 

It is said lo bo n yellowish alkaline fluid with a speciflo gravity of 
1011. and to eontiiin about 'j'5 |»-r cenL of solid matters (Thiry). 

Functions. — The secretion of Brunncr'e glands ia said to be able to 
convert prot«ida into [wptoues. and that of Liebcrkiihn's is believed to 
convert etarch intosngar. To these ftuictionsof the shccuk entericut tbo 
)>owers of converting cane into grape sugar, and of turning cane sugar 
into luetic, and nfterwnnl iuto butyric acid, are added by some 
physiologists It also probably coDtuiiis a milk-curdling fennent (W. 
Boberts). 
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Tbe reaction which reprasoncs the conversion of naue BQgar inio 

ir mny be represeutDd thus: — 

Dcxtrow Lwvulow 



2C„H„0.. + 2K.0 
tiiiccbiu'OiK) Water 




The conversion is probably eOected by meom of a hydrolylic fenneDi, 
(InTersire ferment, Bernard.) 

The length and eouiphxiiy of the digestive tnwt eeem to be cloeelj 
oounected with the diameter of the food on which au animuj lives. TUm, 
in all carnivorous animals, siiuh us the cat and dog, and pre>eminentlv in 
carnivorous birds, as htiwkti and herons, it is exceedingly ehort. ^be 
bcuIb. which, though cai'nivoroue, possess a ver}' long int^ino, appear to 
funiieh on cxeeptioa; but this ts doubtless to be explained as au adaptation 
to thoir aauatic habits: their constant exposure to cold requiring that 
thpyahouhl ikltsorb as much as poBsiblc from their iutestincB. ■ 

Herbivorous animals, on the ottier hand, and the rominantfi especially. ^ 
have very long intestines (in the ahccji :{0 times the lenj^h of Ihp IkhIi) 
which is no doubt to ha connected with thoir lowly nutritious diet. In 
others, Buch as the rabhit, though the intcstinoe are not excesuvely lonir, 
thtii is coniiion!)at<.Hl hv the grcnt length and rajvacity of the cacnnu In 
man, the length <if the iiii^^itines is intermediate between the extreme} 
of the camivora and berbivora» and his dxtX, also is intermediate. 



Summary of the Digestive Changes in the Small Intestine. 



In order to nnderstand the changes in the food which occur daring 
its passage through the small intestine, it will be well to refer briefly I« 
the state in which it leaves the stomach throngh the pylorus. It hu 
been said before, that the chief office of the stomach is not only to mii 
into a uniform mass all the varieti^ of food that reach it through the 
oesophagus, but especially to dissolve the nitrugvnons portion by meant 
of the gastric juice. The fatty matters, during their sojourn in the 
Etomach. become niotv thoroughly mingled with the other constituents 
of the food taken, but are not yet in a state Bt for absorption. The con- ^ 
T«r$ion of starch into sngar, which began in the month, has been inter- fl 
fert-d with, if not altogether stopped. The soluble matters — both ihoM 
which were so from the lirst, as sugar and saline matter, and the gastric 
pcptonw — have b^^n to disappear by alworption into the blood -vcsseU, ■ 
and the same thing has beEallen such flnids as may have been swallored. 
— wine, water, etc. 

The thin paltac«ons chyme, therefore, which daring the whole period ■ 
of gastric digestion, is beinf ooMtantly a qnwe d or 5tiained through the 
in'lorio orifice into the daodeaom, ownsta o( albnminonj matter, broken 
4ovn. dissolving and htlf diaotvtd; fatty matter broken down ai>d fl 
melted, but \wX dis^^ved at all; stairb very ^wly in ptooeas of conversion ™ 
into sagar, and a« it becoaM ongar. alao dxaohing in the Siddj with whii'h 
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' ic u mixed; while, with theec are mingled giistrin Uuii), nitd fluid Umt has 
f walloved. toftcther with liuch portions of the food as arc not digest- 
le, and will be Bnnlly cxpeU*d as (wrt of the fa'cee. 

On the entrance of the chvnie Into the duodenum, it in suhjucted to 
inAueuce of thu bile and puicrcutic juice, which are then poured out, 
aiao to that of tbo euccub entericus. All these secrotious liave a mure 

IcM slkuliue reaction, and hy their admixture with the gustiic ch.vme 
its acidity becomes le«8 and lees until at length, »t about the middle of 
the small intestine, the reaction becomea alkaline and continued so a« far 
u the ileo-i.-ec-ul valve. 

The 8i»edal digestiro functions of the small intestiBe may be taken in 
the following onlcr: — 

(1.) One important duty of the BmaU intestine is the alteration of tho 
/at in such a manner ait to niabe iC fit fur almorjitioii; ami there is no 
doubt that this ciutngu is t-UiuHy etlccted in the upper jnirt of the emull 
intestine. ASliat ig ihc exact share of the proeess, however, allotted re- 
spectively to the bile, to the pancreatic secretion, and to the iuti-etintd 
juice, is still uncertain, — probably tlie iiancreatic jnjcei* the uiuat ini|K»r- 
tant. The fat is changed in two ways. (a). To a slight extent it is 
chemically decomposed by the alkaline secretions with which it is minified, 
and a soap is the result, (ft). It ia emulRionized, ue., ita panirles aro 
minntely subdivided and diffused, so that the mixture assumes tho condi- 
tion of a milky lUiid, or emultnioti. As will be wen in the next Chapter, 
most of the fut is absorbed by tho Utctoals o,^ tho intestine, but a small 
part, which is snponifled, is also absorbed by the blood -vessels. 

(2.) Thu allfin>thiou4 substances which have been partly dissolved in 
the stomach, and have »ot been absorbed, are snbjected to the action of 
the pancreatic and intcKttmd (wcrelions. The pepsin is rendered ineii. 
by being precipitated together with the gastric peptones and parapeptones, 
as soon as the chyme meets with bile. By these means the panrrontic fer- 
nient trypsin is enabled to proceed with the further conversion of the 
pampeptoncs into peptones, and of part of the peptone* (bemijwptone, 
Kaiine) into leucin and tvrositu J /^/niHAHj* substances, which ore 
chemically alterei) in the process of digestion (peptones), and gelatinous 
matters similarly changed, arc absorbed by both llie blood-vessels and 
mphattcs of the intcstimd mucous membrane. Albuminous matters, 
In a state of solution, which have not undergone the peptonic changi?, are 
probably, from the difficulty with which they diffuse, absorlxwl, if at all, 
almost solely by the lymphatics. 

(3.) The sliirchy, or amyloid portions of the food, the conversion of 
which into dextrin and sugar was more or Ic«s interrupted during its stay 
in tho stomuch, is now acted on briskly by the pancreatic juice and the 
BUCCU8 enterieus: and the sugar, as it is (ormwl, is dissolved in the tnUfS- 
tinal fluids, and is absorb««1 chicHy by the bloo<t- vessels. 
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(4.) &t!iM and aacrhirine matters, as ramniun salt, nr cane eagv, 
if not in a state of solution beforehand in the shHta or other Iliiids which 
miiy have beun strullowi-tl with tliem, are at onoe dissolved in the fitomarli, 
ami if nut here al>8orUed, ura souu taken up iu the muull inU-^tini'; liii! 
blood -TesseLs, as in the last case, being cliieflT couceroed in the aIisor]i- 
lion. Cane sugar is iu part or wholly convert*'d into grape-engar befcn* 
its iibaorption. This is accomplished partially in the stomach, bnt aki 
by a fernieui in the nniKiutJ eiiif rieus. 

(5.) The liQuids, including in this t^rm the ordinary drinks, as inu#r, 
wine, ale. tea> I'tc. which may hare eecapcd nbaorption in the stomaeli. 
arc absorbed probably vnry soon after their entrance inlo (he JuK-stiBt-i 
the finidity of the contents of the latter being preserved nioro by the ixki- 
stant secretion of Huid by tlie intestinal glands, pancreas, and Uver, than 
by-aiiy given portion of fluid, whether swallowed or secreted, remainim: 
long unabflorlwd. From this fact, therefore, it may be gathered tliui 
there is A kind of circulation constantly proceeding from the inteetinw 
into the blood, ajid from the blood into the intostinea again; for as all tb* 
flniil — a Tery large aniuiitil — wc^rotcd by the intestinal glands, mnst come 
from the blood, tho litter would be too moch drained, were it not tbut 
the same fluid after secretion is again re-ab»urbed into the current of blood 
—going into the blood cliarged with nutrient products of digestion— com- 
ing out again by secretion tbroogh the glands in u coiuiiaratively un- 
charged condition. 

At tho lower end of the small intestine, the chyme, still thin and pul- 
tAOcouR. is of a light yellow color, and has n dwtinctly fsecal odor. Thia 
odor depends upon the formntion of indol. In this state it paases tbmngh 
the ilco-ca>oal opening into the large iutestino. 

SC-MUARY OP THE I>I0E8TI\-E CHAXflES IS THE L\BOE TXTESTISE. 

The clianges whicii take place In the chyme in the large intestine ar* 
probably only the continuation of the same changes that occur in the 
course of the food's passage throngh the upper part of the intestiiml cwml. 
From the absence of villi, however, we nuiy conclude that absorption, 
especially of fatty matter, xsi in gr?at part completed in tho small inias- 
tine; while, from the atill Imlf-Hqnid, pnltaeeous consistence of the chyme 
when it first enters the crccum, there can be no doubt that the absorption 
of liqnid is not by uny means concluded. TIio peculiar odor, moreover, 
which is acquired after n short time by the contents of the largo bowel, 
would seem to Indicate a further chemical change in the alimentarr mat- 
ters or in the digestive fluids, or both. The acid reaction, which iiad dis- 
appeared in the small bnwel. again beconuyi ven- manifest in ihe capcnm 
— probably from acid fermentation- processes in some of the materials of 
the food. 
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There tv«ma no reason to conclaile tlint any sppciji] "gecondiuy digcft* 
tire" proceM occurs in the C!»cum or in any otlicr ])art of tite large intc>8:tine. 
Probc^ly any oonstitnont of the food whiph hua escaped digestion and 
afaaorptton in the snmll bowel may tie di^t-sted in the Inr^ intestine; and 
the power of this part of the int-catiniU canal to digest fatty, olbuniinons. 
or other mutters, may be gutliercd from the good efFec-ts of nutrient ene- 
muia, so fn«iueally given when from any cauKu Ibero is diflieulty iu iuiro- 
ducing food into the siomach. In ordinary healthy diayation, however, 
Ihu changes which ensue in the chyme after its paasage into the large in- 
itiue, lire maiidy the ubeorption of the more IJqnid parts, and the com- 
pletion of the changes which wore proceeding in the small inlostino.— the 
procoBs hoing aseitited by the Bccrction of the numerotiB tnbniar glands 
tboreiu present. 

Faeces. — By these meaim tlio contents of the lar;;e intestine, as they 
proceed towiinl the rectum, become more and more solid, and losing their 
more liijuid and nutrient {larta, graduully acquire the odor and eonsist- 
«noe charactenstic of /(?ce*. After a sojourn of uncertain duration in 
the aigrnoid Bexnrc of the colon, or in the rectum, they are dnally ci* 
pelled by the act of defn>cation. 

The average quantity of solid fieea! matter evacuated by the homan 
adult iu twtfuty-four hours ia about «ix or eight ouuuus. 



CoMposmos ov Vjrcks. 

Wat«r 733-00 

SoHda . . . seT-OO 

Special excremcntitious con«titnent*:— Kxcretin, ' 
eicretoleic acid (Marcet), and atercorin (Aua* 
tin Flint). 

Salts: — Chiefly phosphate of m>mrne«inm and phos- 
phate of calcium, with smallquantit ies of iron, 
endtt, time, and eillcn. 

Intolnble rej«idue of the food (ehieflystarcli grains, 

woody tissue, partick-s of cartilagw auU fibrous \- JJ67-00 
tissue, undigested inuBcuhir fibres or fat, and 
the like, with insoluble ^ubstancosaccidentally 
uitroduced with the food). 

Uucue, ejiitheliuui. altered coloring matter of bile, 
fatty aindB, etc. 

Var>'ing quantities of other constiluenta of bile, 
and derivHtivefi from them. 



Len^h of Intestinal Digestive Period.— The time occupied Ity 
Ihe journey of a given j'tTtien of fuoii from the Blomnch to the aims, 
Tari«« oongiderahly eren iu health, and on tliis acoount, probably, it is 
that such different opintonn have been exprewted in regard to the subject. 
About twelve hoars are occupied by the journey of an ordinary meal 
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throiigli tlie smaU inteeliiie, anil tweQty<foiir to thirtj>six hours by die 
passuge througli tho iaiye bon'el. (Itrinton.) 

Defecation. — InmiediuLuly Woru the act of Toluiitary expalatm of 
ffeced {iIifiEcat ii/n) then* U ufiuallj, first uu iuspimtion, as in tho case of 
cougliiiig, siiceKiag, and Tomiting; the glottis is thcu clowd, and the 
diaphragm fixed. The abdoniitial miuclc-s are conli-act«d a» in eipin- 
tion; but ob tho gtottig is closed, the vholc of their precsDre u exerciMd 
on the abdominal uoiitenlfl. The sphincter of tlie rpctnm being- rekied, 
the evacuation of its contents takes place acconlingly; the effect being, 
uf couTBC, tncrcused hy the periataltic action of tho intestine. As in the 
other actions junt referred to, thero is ob much tendency to the escape of 
the contL'uts of tho lungs or gtoniach m of the rectum; hut tiie jireseure 
is relieved only at the orifice, tho sphincter of which inBtinctively or in- 
Toluutarily yitlds {nw Fijf. 144). 

Nervous Mechanism of Dcf«ecatian, — The anal ephincter mnKloi 
is normally in a state of tonic contraction. Tlie nervous centre wliifli 
governs this contraction is probably situated in the lumbar region of ihe 
Bpinal cord, iniuiiinich as in ca«es uf division of the conl above this nploK 
the sphincter regains, after a time, to somo extent tho tonieity rfhich ii 
lost immediately after llie operation. Ity an elTort of the trill, acting 
througli the ceiitn.s thv contmction may be ixduxed or incruuied. Inordi- 
nary cases the apparatus is set in action by the gi-adiial accumulation of 
fKcea in the sigmoid fit-xuru and rectum preseing against the sphincter 
and causing itj; relaxation; this sensor}' iinpulso acting through the bnin 
and reflexly through the epinul r.cntro. Peristaltic action, eflpe^^ially of the 
sigmoid llcxurc in pressing onward tho ficccs against the sphincter, ii a 
rerj- important jiart of tlm act. 

The Gases contained in the Stomach and Intestines. — Under 
onlinary circumstances, the aUmcntary cnuiil contains a eoneidcnibli 
quantity of gsiM'uuti matter. Any one who lias had occasion, in a pocl" 
mortem examiuation. either to lay open the intestines, or to let out Ih* M 
gaa which they contuin, mu^it have been struck by the small space after- ■ 
ward occupied by the bowels, and by the largo degree, therefore, in which 
the gas, wliiuh naturally distends them, contributes to till the cavity o[ 
the abdomen. Indeed, the presence of air in tho intestines is so oonstont, 
and, within certain limits, the amount in health so uniform, that th 
can be no doubt iliat iU (existence here is nut a mere accident, but tn> 
tended to serve a definite and important purpose, although, probably, a 
mechanical one. 

• Sources. — The sources of the gas contained in the stomach and 
bowels may be thns enumerated: — 



I 



I 
I 



I. Air introduced in the act of swallowing either food or saliva; i. 
Oases developed by the decomposition of alimentary matter or of thdl 
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■ecrations and Rxcrctiona mingled with it in tbc Btomach and inUtstines; 
3. It 18 probable tliiU u certain mutual interchunge occurs betwoeii ihe 
gaAcft coutaiutid in tlio alimentorv ciuial, and those present in tlio blood 
of thew gastric and intestinal blood'Veftacls; but the conditions of the 
exchiuige are not known, mid it is very douhtfiil whether anything like u 
tme and definite secretion of pis from the bljKxi into the intestines or 
stomach ever taJces jAace. There can be no doubt, however, that tlie in- 
teatiues may be the pn>|)er excretory or^tu for many odorous and other 
substance^j, either alvsorbcd from the air taken into the h^nga in inspira- 
tion, or absorbed in the upper piirt of the alimentary canal, again to be 
excreted nt a portion of the same tract lover down — in either case as- 
suming ra]>idly a gaseous form after their excretion, and in this war, 
perhaps, ootaininfi a more ready egress from the body. It is probi^le 
that, under ontiuurv cireumatauces, the gaaes of the i>toma^-h and tnt«^ 
tines are derived chietty from the second of the sources which have been 
coumarated (Uriutou). 



MPOMITIOS or GaSKS rOSTATSEn IS THE AUMKNTARV CaXAL. 
(TABtlt^TKU PHOM VAMal'S AUTnORITIBS BT BUrSTOrC.) 
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W Movements of the Intestines.— It remains only to consider the 
manner in which the food and the severwl socretions mingled with it are 
moved through the intestinal canal, so as to be slowly subjected to tho 
iuflnence of fresh [wrtione of iutestinol secretion, and as slowly e^iKiecd 
to the absorbent power of all the villi and blood'Ve$sels of the mucous 
membrane. The movement of tho intestines \s perisfaUie or vtrtnttular, 
and is effcoted by the al(«rnntc contractions and dilatations of succeasive 
portions of the intestinal coats. The concractioni:, which may commence 
at any point of the intestine, errcnd in a ware-like manner along tho tulKt. 
In any given i>ortion, the lon^tudinal muijculor fibres conlnu.'^t first, or 
nioro than the circular; they draw a jiortion of the intestine upwanl, or, 
as it werv. backward, over the substance to be propelled, and then tbo 
cifvuhir tibree of the same portion contracting in Bmxx>aaioii from alxive 
downward, or, a<; it wore, from behind fonvard, press on the snbsAaiioe 
into the portion next lielow, in which at once the sanie stiecfssion of action 
next ensuM. These movements take place slowly, and, in health, are cum- 
Sou I.-i». 
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nioiOj unperceived by the mind; but tliey are |)erceptible vben Uiejare 
acccleraled under the influeuce of nny irritant. 

Tlic movements of the mtestiiioB are Bometimes retrograde; und then- 
is uo hindrance to the backward movement ol the conteuUs of Iho inuili 
intestine. But ulmoat complete Becurity is afforded ajjainst the paua^ 
of the conteiits of the large into the smull intc«tirie by the iteo-caca] 
valve. Bendcs.-~the oriAcc of eommnuication bctvccn the ileum mi 
ctecum (at thi.< borders of whi<']i nritiro an iHo fohU of mucoua membrane 
■which form the valve) is encircled witli mnscuhir fibrce, the contractioD 
of which prevents the undue dilatation of the orifloe. 

Proceeding from above downward, the musoolar fibres of the laryt 
intcBtiiie become, on the whole, stronger in direct proportion to the gmitcr 
strength reqnired for the on^rard moving of the fffcee, which are gradaall; 
bpfominjj tinner. The greatest strength ia iu the rectnm, at the tenui* 
luUio]! of which the circular uiiairipcd mnBctilar fibres form a strong band 
called the internal sphincter; while an cxiernal sphincter muscle wiih 
£tri])cd fibres is placed rather lower down, and more externally, and at 
we have seen above, hokle the oriflco close by a conatanc slight tonic con- 
traction. 

Exj>erimental irritation of the brain or cord produce* no evident or ooo* 
Btant ofTet^t on the niovemeittft of the intestinefl during life; yet in eonfie> 
qnence of certain conditions of the mind the movements are flccelcnicd or 
retarded; and in paraplegiii the intestines appear after a time mucb-realc- 
oned in their power, and costiveneM. with a tympanitic condition, ©nsaei. 
Immediately after death, irriiaiimi of bolh (lie sympathetic and pneumo- 
gastrie nerve*, if not tooetrong, induces genuine peristaltic movements of 
the intestines. Violent irritation stops the movements. These stimuUacl, 
no doubt, not directly on the nms^nlar tissue of the inteetiue. but ou ths 
gangiionii- plexnn before referred to. 

Influence of the Nervous System on Intestin&l Digestion.— 
As in the rase of the d-t^opliayurt and Hiomach, the peristaltic movements of 
the intestines are directly due to rt'liox action through the ganglia and nenQ 
fibres distributed to iibundimtlv in their walla (p. 255); the prpaencr of 
chyme acting as the stimulus, and few or no moveraents oet-urring wbwi j 
the intefitinen are empty. The intestines are. moreover, connected wiihJB 
the higlier nerve-centres by the splanchnic nerves, as well as other 
branches of the sympiithetic which come to them from the ccbIisc and — 
other abdominal plexuses. I 

Tlie KpiurKdinic nerves are in relation to the intestinal movement*. 
itifiibftury — these movements being retarded or 8top|)ed when the eplanch- 
nica are irritated. As the vaso-motor nerves of the iuteetinesj the epiauch* 
uics are also much concerned in intestinal digestion. 
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CHAPTER IX. 

ABSORPTION. 

Trb pror««ji of Absorption has, for one of ita objects, the introdnction 
to tho blood of IrcsU materials from the food and air, und of whuterer 
comes into euiitauL with tliu external or iiituraal surfaceaof tlie body; 
and, for another, the gmdual rcmorol of purt8 of the body itself, when 
they need to bo renewal. In buth these ofBces, i.e.. In both ab»orptioa 
from wilboul and absorption from withiu, tho procew Bianifesta some 
vmriety, and a very wide range of action; and in both two net* of restels 
are, or may be, concerned, numety, the ^/<wrf-ivj«*<r/jr, and the Lymph- 
vmhIi or Lymphatics to which the term Abaorbonta has been also applied. 

P Distribution. — The principal ressels of the l}inphatic ^rstem are, m 
structure and general appearance, like Tery small and tliin-walled veins, 
and like them are prorided with valves. By one extremity they rom- 
meuco by fine microscopic branches, tho l^phafie capillaries or Iffrnph- 
eapiVariei*. in the orpms and tiseuee of t!ie body, und by their other ex- 
trcmitic-K they end diruetly or indirectly in two tmnka whicrh ojien into the 
laj:ge veins near the heart (Fij;. 206). Their contents, the lymph ami 
rhyie, nnliko the blood, piias only in one direction, namely, from the line 
traiichet! to tho trunk and oo to the large vvins, uti futvring whidi they 
are mingled with the stream of blood, and form part of its c-onstitnents. 
Bememhering the course of the fluid in the lymphatic vessels, viz., tig 
paMBge in tho direction only loicard the large veins in the neighborhooil 
of the heart, it will readily be seen from Fig. 206 that the greater part of 
the contenta of the lymphatic system of veseels passes through a com- 
pamtivoly hirgo tmnk called tho thoracir. duel, which finally empties its 
oantcDta into the blood -Kiri'ani, at the junction of the internal jugular 
and sabclavian veins of the left side. There is a smaller duct on the 
right side. The lymphatic vessels of the intestinal canal are called larJtaU, 
because, during digestion, the fluid contained in them rcM^mbles milk in 
appeanuice; and the lymph in the lacteals during the period of dige«tion 
ti called ehyU. There is no ewential distinction, however, between lao- 
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teals and iTmphatics. lu some parts of their coiine all lymphatic veBsdi 
pass through cerlitiii hoclieii cUled Itjmphatic (]iand». 

Lyoiplmtic vessels are liiBtribiited iu nearly all parta of tbe bodj?. 
Their existence, Imwevfr. haa not yet been lictermine*! in the placcDta, the 
nrabilicnl cord, tho membranes of the ovum, or in any of the non-vaaculur 
parts, us the nails, cuticle, hair and the like. 



l^lljthBilbv of biMul kw.l 
Urch. ?l|;l)t. 

KlirlK Intipnial JumUr *cln 
lUght mlx-JnvlAn voto. , , . 

LjmpbAtloK of rlglit Ann. 



I.ymphutoa at betd Md 
nrcV wn 

Left MbeteTlHk vAi 



TlinraMc dact. 



EccepUunilmn cbyb. . 



UetHk. 



Lpnpbatie* of lover ez- 



L-TBipdiUlM oC town- c«- 
UvmllttM. 



Feo sob.— DJocmni of thr iiriHclpcU groupa of IrmpluiHc tmkIb CIrom QiulB). 



Origin of Lymph Capillaries. — Thn lymphatic mpillariea com- 
mence most comniunly cither in cloeoly-meshod networkB, ur in irregular 
lauiinar spatiea between the various structures of whioh tlie dilTereiiit 
organs are composed. Such irreguliir sjjaccs, forming what is now 
lornied the iymph-canalicular system, have been shown to eiist in many 
iiseaes. lu serous membranes, such as the omentum and m««ontm*. they 
ocrur as a connected system of very inregrilftr branched spaces partly ocon- 
pied by connect jvo-lissuo corpuscles. Hnd both in these and in many other] 
tissues are found to commnnicatc freely with regular lymphatic ressels.! 
In many cafiee, though they ure formE^d mostly by the <:hiiiks mid rninnies ' 
between the blood-vesselsj secreting ducts, and other pnrts which mav 
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to form the framework of tho organ in which they eiUt, they 
arc lined by a distinct layer of endothRlium. 

The [actuals offer un illuatration of another mode of origin, namely, 
in blind dilated extremities (Figs. 102 and 103); but there is no i<«i»n- 
li&l difference in structure between these and the lymphatic capillaries of 

•other jNirtM. 
! Structure of Lymph Capillaries.— The stmctnre of lymphatic 
capillaries is very aiuiilar to Ihut of blood -capillHrims: tlieir wails amfiifit 
of a single Uyer of viidothclinl cellfi of an elongated form and sinuous 
oatline, which cohere along their edgw to form a delicate membrauo. 






•i< 



^^^^ 



^^^ 



Pw. m.— I^mptiMIka of DcatntI Mtdon tS rabbtl'a [llaptmMnii, utiilBnl vllh afhwr nllrata TIm 
(N«od inlwMBn ku been BhaOeil HImiiiiiiiibiIiwIIi \o IiHuk out Uu.- hiiifh&tiai cicwir. i. Lrm- 
pkaUa Ua^d b)r loof DWTOir ■ndrtlwllM nUi, mA aliowliijc %-. T>]<n at rmjuiriit tnb-rvalB .SL-boOoldj. 
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They differ from blood capillaries mainly in their larger and very rarift- 
bit! (-alihre, anif in their iiimieroiis communic-ulions with the spaces of 
ithe lymph-ainttliriilar systeni. 

Conununications of the Lymphatics.— The flnid imrt of the blood 
ustantly esuitesur t>4«tniiued tlirough the wall^i of the blood •capiUariea, 
0o B» to moisten all the gurroimding tissues, and occupies the interepoccs 
which exist among their different elements. Theee same inters]iucv« have 
been shown, as jnst stated, to form tlie Iwginnings of the lymph-cupilla-: 
ric«: ami the latter, therefore, are the means of collecting the exuiled 
blood-plasma, and returning that part which is not directly absorbed by 
the tissuee into the bluml -stream. For many yeArs, the notion of the 
exisleDce of any such channels l)etwec-n the bbKHl-vcAsels ami lympb-ve*- 
wb as would admit blood -corpuscles, has been given np; obocrrntionfl 
haTing proTed that, for the passage of such corpuscles, it is nut ueceRuu-y 
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to acuume the presence of any special chuiinplg ut all, inasmncb as Uond- 
oorpuscles can jjass bodily, witliout miicli difficulty, through the iralUof 
the blooii-capilluries and smull vt-ins (p. 150), and could pun with nill 
leas troublo, probably, through the comparatively ill-de&ned walk of Uh 
capillarieB which contain lymph. 



^X' 



!V.--* 






-d'liMi nil llii- ■ 



I ..r> I i:< ii|ij-iTi>art o( llw iruBk'Ma^ 
1 '),, I, (I -i.lr. Mill ine Irf t tiiunmm ilHAch 
'^v- :ii i.iirt of lU deep KUrfkce. Tbe pftnclvil 
l»*nrl nniT fw, nnri (ti thii iirrk. ikxflla. Mid 



BBewMrttnum. Between Ute Ji-n luliToaltiiKuUr " ii> mil iJiconnmiou wrMfcl »rU-r)'' ll><' vwff^ 
'InciMUlortb*' lhoraKli.-iliir> nnirki-.ri nn! .i:h.'< ihi-.and itrwmillnK Utt. Oir mreb mmIUa 
part vf tLp iluL't. Tliv tcrmumuuii vt tbi- ufiR-r iviiiilinTimur tlii^ ilLaphracm In tbe 



«Midlnc|MUlortb«' lhoraKli.-iliir> nnirki-.ri] nn 

part vf tLp iluL't. TUp tcrmuiBUoK uf )bi- upt^-- . _. _, ,„ 

gLuiiU. iw wi-ll M [III' ittnllu.' ivml Clir il<i-|i nuutiriiiu-)' VitIuW*"- Ik mIim ahova. 

It is worthy of note that, in many animnls. both urteries and veins, 
especially tlie latter, aro often fouuii to be more or less completely eu- 
sheatbeil in luree lympliatic channels. In tuHles, crocodiles, and manrl 
other animali), the abdomiual aorta Is enclosed in a large lymphatic veHi^| 

Slomafa. — In certain parts of the body oiwninffs exist by which 
IjTnphatir. capillaries directly communicate Mrith parts hitherto supposed 
to bo closed cai"itios. If the peritoneal cavity be injected with milk, an 
injection is obtained of the pleitns of lyniphwtic vesaeU of the ceutnU 
tendon of the diaphraiini (Kij;- 207); and on removing » small portion of] 
tho central tendon, with its peritoneal surface uninjured, and examining, 





Fn. *}•,— SiipriUclal lymivhittlcvof UwforasnBaiKlp«lni«f t>>p IbimI. I a. 5. T<ru ■nwU tlaMta 
■(Uwbeddof UMTAnn. ik HjwUal l> mphKUc T t —n to . 7. Ulnar l>-ii)|ili*Uc TnwrU- M.H JUnururli 
of InaplMUca. », t». Oulvr aMl UuMT KpUi at vMPel*. A. (.lepuUe mln. li ItodI*] o^n t Hvdlan 

Pm flO.— 8tt|ivrActal lyinpliMlai of lUpHgnOa And unMV pwtuf U^h, t-fl, I. up^xT Inipiiiud 
r'lTf >> f. lantr laaulnal or fvuibrftl ^aoda. a. S*. Phtxua of l)-Htpluuat in Uir I'ouiw at ibe 

lOm MpmooM vdu. (MWHMKUL) 

B Psetitiontomatn. — When absorption into tho lymphatic system taktx 
pfawe in membranes covcreU by epiihelinm or endothelium thmiigh the 
intentitiuj or inturcellulur cement-subslauco, it is said to take plaOB 
through p»fudo4ittnrmia. 
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Ihwonntration of LympkaHcfi of Diaphragm. — ^Tho stomata ou tbt 

peritotii'ol Bui-fucc of the aiuiihrugm are the o;>ciiiiij,'8 of short vcxtioil 
caiiali) wliich lead u]> into tliu iytuplmttcit, luid nrv \ix\v\ by cells like tliwr 
of germiimtiiig ondothcHuni (p. 2^). Kv iiiinKlucin^' n ^lutioii uf IVriin 
blue into Ch^> poritonuiU cavity of »t) auimul »liorLly after tleiith, aiid fiiib- 
peiidtng it, liead downward, an injection of tlie lymphaiic ve8«el»t uf i!i( 
aiaphnizni, throuj^li the ^toninta on \is peritoneal Burfaco, may reoiiily \* 
obtained, if artijk-ial rcspimtion "he e-arried on for about half an hour. In 
this way it has been found thiii in the rabbit the lymphatics iu« arrangnl 
between the tendon bundles of the centnim tendincum: and they an 
henre termed ititerfancicular. The centrum tendineiim is coattsl k 
endothelinm on its pleural and peritoneal snrfacee. and its gnbatancc con- 
sists of t«ndon hmiclles armngea in concentric rings toward Che pl«an] 
side and in radiftting bundles toward the peritoneal side. 



Fia, tni.— PprltAimlnnrteofiArarptnmciiibaiut'ljrmphArlca'miLSiurtvfrrae. 
of wlUvb HK ap«D, «u(U9 wlUiiMtl, MM Mirrouudcd by iteriulnatlu^ MtdoUwDixD. 
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The lymphatics of the anterior half of the diaphraj^ open into thon 
of the autonur mediastinum, wliile those of the posterior half paM into a> 
lymphatic vessel in the posterior tneJiastinnm, which soon eiitvrs the tho* 
nu-ic duct. Both these Eet« of vci^iiek, and the glands into which theT 

iii\S6. are readily injected by the method above described: and there caa 
)e little doubt that during life the flow of lymph along these chnnnele if 
chiefly eauacd by the action of the diaphragm during respiration. As 
it deitcetids in inspiration, tlic spaces between the radiating tendon bun- 
dles dilate, and lymph is sHcked from the peritoneal cavitv. through th« 
■widely open fitomatu, into the interfascicular lympliutics. During expira- 
tion, tlie spacer between the concentric tendon bundles dilate, and the 
lymph is squeezed into the lymphatics toward the pleural Burfaco. (Klein.) - 
It thuH appears prnbahlo that during health there is a continued sucltingj 
in of tympn from the .peritoneum into the lymphatics by the ''pumpinir^ 
action of the diaphragm: and there is donbtleaa an equally continuous 
extidrttion of fluid from the general aeronB surface of the ^icritonenm 
When this biditneo of transudation and iihsorption is disturbed, either \vf\ 
increased transudation or some impediment to absorption, an Accumul 
tion of fluid necessarily takes place (asfitoa). 

Stom&ta have been found in (he pleura: and as thoy may be presume 
to exist in other Berous membranee, it would seem as if the serous caTitic^l 
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hitherto supposed cloecd, form but a Xnrge Ijmph-flinae, or videoing out> 
BO to Apeak, of the Ijmph -capillary syatcm with which they directly coiu- 

rnicato. 
Structure of Lymphatic Vessels.— The lar^r resaeU are very like 
Teios, liavitig an (ixttnial coat of Sbro-cellulur tigeue. with elastic filu- 
meots; within this, a thin layur of libro-tullular tissiiu, with plaiu miiti- 
cnlw fibres, which have, priucipally, a circnUr direction, and are much 
more abimdant in the small than in the lar^r vesficU: and again, within 
thia, an inner ehiatic liiyer of longitudinal fibres, and a lining of epithe- 
lium; and numerous ralrea. The valves, constructed like those of veins, 
and with the free edgc-9 tnnted toward tho heart, are nsiially arranged in 
pairs, and, in the rnnall vessels, are so closely placed, Lliat when the vessela 
are full, the valved constricting them where their edges lire attached, giTO 
them a ]>ecutiar iieailed ur knotted a)>pearaocc. 

Current of the Lymph.— With the help of the valvular mechanism 
(1) all occasional pressure on the exterior of the lymphatic and. lac-tea] 
VHweU projwls tho lymph' toward the heart: thus muscnlar and other 
external pressure accelerates th6 flow of the lymph as it docs that of the 
blood in the veins. The actions of (2) the muscular fibres of tho small 
intestine, and probably the layer of organic nntucle present in each intes- 
tinal villus, seem to assist in propelling tho chyle: for, in the small inted- 
tine of a mou8e, tho chyle has been seen moving with intermittent pro- 
poIsiouB that api»eared to curresiraiKl with the jtenstaltic movements of 
tho intestine. Hut for the general propulsion of tho lymph and chyle, it 
ia probable that, together with (3) the via a trrgo resulting from absorp- 
tion (as in the ascent of sap in a tree), and from external preasure, »ome 
of the force may be derived (4) from the contractility of the voswl's own 
Trail*. The respiratory movements, also. (5) favor the current of lymph 
through the thoracic duct as they do the current of blood in the thoracic 
veins (p. 'iW>). 

Lymphatic Glands arc small round or oval compact bodies varying 
in size from a hem[)6ced to a bean, interposed in tho counte of tho lyin- 
pbatio reewls, and through which »he chief part of the lymph pnaeea in 
'.ta course to be discharged into the blood-vessels. They are found in 
7T«at numben in tho moaentory, and along the great vessels of the abdo- 
.nen, thorax, and neck; in the axilla and groin; u few in the popliteal 
space, but not further down the leg, and in tlie arm as far as the elbow. 
Some lymphatics do not, however, pass through glands before entering 
the thomcic duct. 

Structure. — A lymphatic gland is covered externally by a capanlo of 
connective tissae. generally containing some unstriped niusclu. At the 
inner side of the gland, which is Komewhat concave (hihir) (Fig. tVi, a), 
the capsule sends procvsMs iuward in which the bhx^d-vtnaK'U are con- 
tained, and these join with other processes called tmbfcula (Fig. ^15, t.r.) 
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prolonged from the inner surface of the part of the cAiisule covering tlie 
convex or onter part of the gland; they have a stmcturo Bimilur to tlmi 
of the citiMiule, »nd entering the ghtnd from all eidcs, and freely commu- 
nicating, form a fibrous supporting airomn. The Interior of the gland 
is seen on Bct-tinn, even when esaniini^d with the naked eve, to be made 
up nf two juirts, an enter or corfical (Fig. 'iVi, c, c), which is light- 
oolored, and un inner of redder ap|)earauce, the meduUartf |K>rtion (Ftg. 
212). Ill the outer or cortical part of the gland (Fig. 215, r) the inter- 
vaU between tb« irabeculte are comparatively large and more or Ie« trian* 
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Flo. «ia. 



Flo 313.— Sr«lli'>n 'if ■[iii4i-nri-rlL- inland from th(>ox.BUrliiljiiM4toiai><l- «. Hllui: frUaUWRB- 
Inil luu-t ttf rhj- n^iT), timjiillnrr HiitwlAtJii?: <-. oirtliml Kulintaitn! with iudlBliiicl •ItmU: d. carpad« 
(.KnUikcrj ■ 

FiA. d1& - EiYom A vtTtlciJ Hrctlnn Ihmiicli llir rii|ciulr?. curttL-nl iJdub «nil |>ni|ib«Tral poriiaa rf 
fonicCuorahuma&i.<t>mi<<:'»»illyii))t1ijiil<:ubu»l. Tim >i><ctloii ha<l i>r[-ii(hiikcii.a<i «>■ t»|{vinilcf owrt' 
nf thi* l>'in|iti i-iirpiMi'lrTk. A. Oiiti-r nimiiim t<t i-uiinrilf. •iiiixliiiliiK <>f tiiiiHtl<-> nt DIvinB ttawir nil bL 
viwl.iiM iuiu)t« V. [niuTHTmriim, ^||IFW|I1K llbn^ ot wtmi-ctlvi- iib.iil- «-lili iiU('k4 vt Smtcvml mu- 

nil-lilT'UaHlli-tVirpUM-lRI. rirIl<:tltll[|||.1lhi-lnn-TI KtSlll] L^llli (ril-lyilllill-'iriuxir tviligit Iiath,c>K]t>hh 

Intt a ivrli-iiltirn ■■■.<at*'il liy rlni TitiH>-ni>it i^ijiti>i)it-liEU ivIK <.'. Viue nui I' < > idMi^Mvae, 

niOrbiUK boiiMlAry fit Uk lyni]>li'f<>lllrli-. Thi' r-^Kr nt Uii-iri'iUiii rmtn ' ' ' .mj ihaiitr nf 

Uir- lyiiipl>.rollli-li>, nhli-li ivKjHihtK -.ir n iJiim rvikiuluiii, E. villi iuiHier<.>i i '- ~i, D. Tlwf 

diidodgv a niinibitr ot Iht' ljni|ih'Ci:>i'piisiJ*«. X XO. (Udu uuil Nutili- Snillli.} 



gtilnr, the intercommunicating spacea being termed alreoli; whilst in the. 
more central or mediillnry part a finer itiealnvork is formed by the mora 
free anaBtomoBis of the trabecular procoBses. In the idveali of the cortex 
and in the meshwork formed by the tmbecnla* in the medulla, ia contained i 
the projwr gland etruoturc. In the former it is arranged as follows (Fig. 
21'>): occupying tlio central and chiot part of each alveolus, is a more or _ 
lew wod^c-shaped mass {IJi. ) of adenoid tisBno, densely packed with lymph^ 
corjmacles; but at the periphery Burrnnnding the central portion and im- 
mediately next the cupbule and tmliecula?. is a more open mesh'n'ork of 
adenoid tijisne constituting the iymyh sinua or channel {l.e.)p and contoia-l 




Fid. tU.~I>laKrtimiiiaUc;ii«nliin uf L)*Mi|iliaii[.' kImii'I. n. I., AR«wiit; «. J., vAvnwt IjmphMlca; 
7, eonmi MkrttAorr: l. a.. rpuuuUllBK cord* of mnliilUnr MitMUnon: t. •., IjiiiiiliilMMi n ilmnn 
eoalauMlbishi tr*lit-niW; t r . Into tb^ lut-UAiu-w nf i1m> kIbimI (Sbanwyj 

of flaid« and even of oorpusRloe into the lymph einuB. The frsmcwork of 
tliu adenoid tustie of the lymph xinus U nuclGnted, that of the central 
mau i« uon-nuuloutud. At tht> timor part u£ thu alrvulua, the vredg«- 
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shaped central mass bifurcat«8 (Fig. 215) or diridw into two or mm 
smaller ronndcd or cord-like maases, and here joining «-ith those from tht 
other alTf^ctli, form a much closer arrangement of the ghind tiame (Fig. 
314, a) than in the cortex; gpaces (Fig. 814, b) are left within thw 
anaatomosiug cords, in which are found portions of the trabecuUu' mi«ii 
work and the continuation of t}io lymph sinus (b, c). 

The easontiol stracture of lymphatic-glunil substance resemblefi thai 
which was di!tKTiLi«d as vxi^ting, in a simple form, in the interior of tbc 
solitary aud agminatcd inteBtiiml follicles. 

The lymph enters the gland bv several afferent vessels (Fig. 215, a.L] 
which open beneath the capenle into the lymph^channel or Iymph<patli: 



Fin. 814,— Aitmtill inrlinn rf mnlHllnrj «ii1w>lancr' rn>Tn« innt«<nl«rlrslAnrl nf theos. ct.ii.trfc 
bncubp; n, |nrt of n i-nrd nl ((lAnrluliu- KUlwtaiic** fixirii wlilirh All bul * (ro* o( tlw IrmplKMiNacM^ 
have ]H«n «rAMh<*il •'iiit ('> nlioH iu u)|ipnrlliiB nuwhworfc of rrlirumi tlmir- ami Its cnplUMT hltml-t 
wJnivliIcbluivi- bi-i-ii liijivtnl, Qiul nrt? ilarK In tlii>(lirir<.>i:{i, t. lynilib-itiii.ii*, of wtitdi tao rvUtu 
UBauolaTvprM^Ditftloul^alcc. x aX), iKAUlkeri 

at the oame time they lay aside alt their coat£ except the endothclinl 
lining, which i( eontinuons with the lining of the lymph-path. Tk 
efferent vcflsels (Fig. 215, e.l.) begin in the medullar}- part of the gland, 
and are continuona with the lymph-path here ae the afferent vetwds were 
with the cortical jjortiou; the ondothcHum of one is continnoua with thnt 
of the other. 

Tlie efferent vessels leave the gland at the hiltts, the more or loss coO' 
cave inner side of the gland, and generally either at onoe or TCtj* soon 
after join together to form a single vessel. 

Jtiood-veaaels which enter and Wave the gland at the hilns are fre^ 
diatrihuted to the trabt-cular tiiwue and to the gland-pulp (Pig. 216). 



\ 
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The tonails, in pftrt, and Peyer's glands of the int«(tine, are really 
iphatic gland«, and doubtloas dischurge similar functiona. 



Tee Ltuph amd Chvlk. 



_Jjmpt 

^H The lymph, contained in the lymphatic vessels, i», andor ordiniuy cir- 
^Bamstanc-pi<, a clear, transparuiit, and yeUowisb fluid. It ia devoid of 
l^nmell, iit slightly alkaline, and ha« a saliue taste. As eeeu with tlit* 
microacope in the small transparent TesaeU of the tail of the tadpole, it 
oinally contains no corpuscles or particle€ of any kind; and it is only in 
ihe larger trunkd in which any corpuBclet are to be found. Thew> corpiUK 
desftre similar to colorless blood-corpuscles. The fluid in vhich tbo cor- 
pusclos float is albuminous, and contains no fatty partIol(>8 or molecular base; 
but is liable to rariutioiis aownliuf; to thu general Rtute of the btoiMl, and 
to that of the organ from which tbo lymph is derived. As it adi'anccs 
toTard the thoracic duct, and after passing through the lymphatic glands, 
it becomes spontaneouBlycoagulable and the number of corpuscles is much 
incmaed. The fluid contained in the lacteaU is clear and transparent 
during fasting, and differa in no respect from ordinary lymph; bat, during 
digestion, it becomes milky, and is termed chtfh. 

C/iytt is an opatpie, whitish, milky fluid, neutral or slightly alkaline 
in reaction. Its whitenesa and opacity are due to the presence of innu- 
merable particles of oily or fatty matter, of exc^eedingly minute though 
nearly uniform size, nieusuring on the average about j^-n of an inch. 
These constitute what is termed the mvleailar iiare of chyle. Their 
number, and consequently the opacity of the chyle, are dependent upon 
the (juantity of fatty matter contained in the food. The fatty nature of 
the molecnlcs is mado manifpst by their solubility in other, and, when 
the ether evaporates, by their being deposited in varioug-sizcd drops of 
oil. Each molei'ule probably consists of oil (KNvted over with albumen, in 
the manner tn which oil always liocomt^ covered when set free in minute 
drops in an albuminous solution. This is proved when water or dilute 
acetic acid is added t'» chyle, many of the molecules are lost eight of. and 
oil-drops appear in their place, as the investments of the motecnlt!« have 
Ubeen diwolved, and their oity contents have run together. 
" Except thcae molecules, the chyle taken from the villi or from lacteali 
near them, contains no other solid or organixed bodies. The fluid in 
which the molecules float is albuminous, and docs not spontaneously 
coagolatc. But aa the chyle posaes on toward the thoracic duct, and 
especially while it trurersefl one or more of the mesenteric gUnds, it is 
elaborated. The quantity of moleeules and oily [wrticles gradually dimio- 
ishes; cells, to which tlif name of rhyk-corpuMleA is given, are devel- 
oped in it: and it acquires the property of ooogulating sponuneously. 
The higher in the thoracic duct the chyle wltances, the more w it, in all 




302 



nANI>-lKK>K OF PII^-SIOI/JGY. 



thi>se respects, developed; the greater is the number Of chjle^corpoaole^ 
aud the krgor and tiriiier is the clot which forms in it wheu witbdnvn 
And left at rest. Such $. clot is like one of blood «'ithont the red cor- 
puscles, havinjf the chyle corpuaelca entangled iu it, and the fattjr matter 
forming a white creamy film on the aiirfacfi of the Berttm. But the clot 
of chyle is iwfter and moititer than that of blood. Like blood, also, Uiv 
chyle often remaiiie for a long time in itsvesseU without coagalating, but 
coagulates rapidly uu being reuiovud from them. The exlgtence of tint 
materials which, by their union, form fibrin, is, therefore, certuiu: and 
their increase appears to be comraeosurate with that of the corpasctes. 

The rtructnre of the chyle-oorj-macles wa8 dewTJbed when JupeakiDC of 
the white corpuscles of the blood, with which they are identical. 

Chemical Composition of L3rmph and Chyle. — From what hu 
been Baid, it will appear that perfect chyle and lymph an>, in eaReutial 
chHra(':ter8, nearly Bimihir, anti scarcely dilTer, except in tlie propoudw- 
ancw of fatty and protcid matter in the chylo. 



Oheiugal Comporitton op Lvum ahu Chtlb. (Owen BeoL^ 



Water . . . 
Solids .... 

Solids— 

Froteids, including Serum- 
Albumin, Fibnii, and 
Ulobulin 

Extractives, including in (i 
and l) Sugar, Trca, I^en- 
cin and Cholesterin 

Fatty matter . 

iSalts .... 



I. 

Ijymph 

(Donkcf). 

OG-536 
3-464 



1-320 



1.559 

» trace 
■58* 



n. 

Ohyle 
(Donkey). 

90-237 

9 ■'res 



3-886 



1'66B 

3-601 
■711 



m. 
lllxed Lymph £ 
Cbrl(-(Humu>}. 

90 --W 
9-53 






7-08 



•108 

•02 

•44 



FrtHn the above analyses of lymph and chyle, it appears that they 
tain essentially the eamu n-unBtitueiits that are found iu the blood. Thfir 
composition. indee<l. differs from that of the blood in degree rather than 
in kind. They do not, however, unless by accident, contain colored cor- 
puscles. 

Qiinnlfitf. — The quantity which would pass into a cat's blood tn 
twenty-four hours has Iifen estimated to bo equal to about ono-sixth of 
the weight of the whole body. And. since tlio estimated weight of the 
blood in cats is to the weight of their bodies as 1 '7. the quantity of lynjph 
daily traversing the thoracic duct would appear to be about equal to tha 
quantity of blood at any time contained in tlio animals. By another series 
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oxperinienU, the quantity of lym])h traversing the thoracic duct of a 
:>g in twenty-four hoiin was found to be about equul to two-thirds of 
the blood in the hotly. (Bidder and Sclimiilt. ) 

Absorption by the Lacteals.— During ihu passiigo of the chymo 
alori;; the whole tract of the intestinal uanal, its cum|}lctelr digested {lurU 
arc absorbed by the blood-vessels ami lactbiUs dUtributed in the mucous 
merabmne. The blood-vesseU appear to absorb chiefly the diaiolvod por- 
tions of the food, mid theoe, irtcluiUng eapeeiallT tlic ulbnminous and eac- 
cluiriue, they imbibe without choice; whatever cun dux with the Uond 
jMMei into the resaeU. as will bo presently described. But the hirteuls 
appear to aluorb only certain conBtituente of the food, Including pur- 
tieolarly the fatty portions. The absorption by boili sets of vessels is 
carried on moet actively but not exclusively, in the villi of the small in- 
u>8tine: for in theee minute processes, both the capillary blooil-vcsseU and 
the lacteuls are brouglit almost into contact with the inteAtinal contents. 
There seems to be no doubt that absorption of fatty matters during diges* 
tion. from the contents of the iulcfitines, is effected chiefly between the 
epithelial cells which line the intestinal tract {Watncy), and especially 
thoae which clothe the aurface of the villi. Thence, the fatty parllrlea 
are passed on into the interior of the lacteal veeaela (Fig. 216. a), but 
how they pnes, and what laws govern their so doing, are not at prvitent 
exactly kn<iwn. 

The process of absorption is assisted by tbo pressure exercised on the 
contents of the intestineti by their (.-ontractile walls; and the absorption of 
f.itty particles is also facilitated by the presence of the bilo, and the pan- 
creatic and intestinal secretions, which moisten the absorbing surface. 
For it has been found by experiment, that the passage of oil through on 
animal niendirane is made much easier when the latter is impregnated 
with an lUkutinc fluiid. 

Absorption by the Lymphatics. — The real source of the lymph, 
and the uioile in which its absorption is effected by the lymphatic vessels, 
were long matterB of discussion. But the problem has been much sim- 
plified by more accnrate knowledge of the anatomical relations of the 
lymphhtie capillaries. The lymph is, without doubt, identical in great 
iBirt with the tit/uor mnffuinis, which, as before remarked, is always 
exoding from the blood-capillaries into the interstices of the tissues in 
which they lie; and as tlieBO inieretioes form in mwt jnrts of tlie Ixxly 
the beginnings oF the lymphatics, the source of the lymph is suflu-iently 
obrions. f n connection with this may be mcntionetl the fact that changes 
in the character of the lym]>)i corres[x>nd very clowly with changes in the 
eharacter of either the whole maM of blood, or of that in the vessels of 
the port from which the lymph is exuded. Thus it appear* that the 
congnlobility of the lymph is dirootly proportionate to that of the blood; 
and that when fiuidsare injected into the blooil-veasels in sufficient rjnon* 
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tity to distend them, tho injected subsUnce may be almost direcUr 
afterward foimd in the lymphatics. ■ 

Some otiier matter* than thoBe originally contained in the exudei] ' 
liquor eangiiinie may, howuver, find their way with It into the lympliati": 
vessels. Parts which having entered into the composition of a tiKue. 
and, having fulfilled Iljeir purpose, ref][iire to be removed, may not be 
altog».!tlier excrcmeniitious, but may admit of being reorganized and 
adapted again for nutrition; and l\w^e may bo abBorlKd by the lym- 
phaiic^, acid eIaU>rat.ud with iho other coatentg of the lymph In pafisiri^ 
through the glands. 



Lymph-Hmrts.—\y\ reptiles and some birds, an important aniilian 
to the movement of tho lyninli and chyle is supulietl in certain mtt&cnlar 
8ac«, named lumph-hearfs (Fig. 217), and it liaa been shown that tk 
caudal heart oit the eel is u lymph-heart also. The number and positios 
of these organs vary. In frogs and toads there are uanally four. tw9 
anterior and two poHterior; in the frug, the posterior lymph-heart on each 
side is situated in the ischiatiu region, just beneath the skin; theantcntu- 
lies deeper, just over ttiu truiisveree ju-ucosa of the third vertebra. Into 
ea(;h of these cavities tseveral lymphatics ouen, tho oritiues of the veeaitb 
being guarded by valves, which pruvuut the retrograde passage of tlu 
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TiQ SIT— Lv-mrha<tr henrt ( 9 Drlii Ioijk. -1 ll»>^ hnuul ) nf n Innr" «p«)t«a of ■vrpnt, tb« Pyllar^ 
blvltbiUia. I. "Thi' f-sri-rtiiU rrlliilnri-nni. .'j Tlir- thlok intiHiilBrcoU. Fonr mtaKulKreotainnMna 
minroa* ltin«vUy^«lik'U ifoiiiimiiilwitni »ltli tliTLV lyriipiiatltv (1— «nlv nnvt«wvDli«wt.aBil«Nlina | 
Klaii IS, it). Q. liii^ smooUi Uiiine im-mbraixf i>t llic? earily. T. AMiidll AppprutMe.M'Uirtclr.Uurtw 
Itj ol whli^ii t« (1-rni.liLi.i'iiw with uuit of the iv«t of llur oTKmn laflrr K. wrbnr). 

Ivniph. From oaeh heart a single vein proceeds and conveys the lympli 
Jirectly into tliti venouH syfitttm. In the frog, the inferior lymphatic 
heart, on cueii side, pDurs its lymph into a branch of the iechiatic vein; 
by the superior, i\h\ lymph jt^ fumed into n brunch of the jugular vein, 
wnii^li iitsues from it8 anterior r^urfiice, and which becomes tumid eac^ 
time timt the lutc contnK^tt^. KUxkI in prevented from passing from the 
vein into the lymphatic lienrt by a valve at its orifice. 

The muscular coat of these hearts is of variable thickness; m aome:i 
Ciuw-s it can tiniy he discovered by means of the micnteX'ojie; but in every 
cuaeit ig composed of striped fibres. The niiitractiduH of tho heart are 
rhythmical, occurring about sixty times in a minute, slowly, nnd, in com- 
parison with those of the blood-hearts, feebly. The pul^tions of thaJ 
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1 pair are not always synclironous with thoae of tho jmir in tbo 
'uchUtic region, and even the corrMponding sacs of opposite sides are not 
alwavfi Bviieiironous In their action. 

»l}n[ikc the contractions of the blood-heort, those of the lymph-licart 
•pnear to bo directly dependent upon a certain limited portion of tlie 
ijtinut cord. For Vulkniann found that so long as the portion of spinal 
corrl com^tKinding to the third vertebni of the frog was uninjured, the 
oen'icol pair of lymnhatic hearts continued pulsating after nil the rcflt of 
the spinal cord ami the bntin vi^ro destroywi; while destruction of this 
. nartion, even tliougli all other parta of the nenous centres were nnin- 
jured, iiwliintly arreslpd the heart's movcmcnlj^. The posterior, or i&fhi- 
atic. pair of lymph-heartfi were fonnd to lie ^overncdj :n like manner, by 
the portion of spinnl ronl rorrejiponding to the eighth vertebni. Division 
of tne poBterior jipinnl roots did mot sirn-st the niovomonta; but dirision 

I of the anterior roots caiiM^d thom to ccaae at onoo. 
[ Absorption by Blood-vessels. — In the absorption by the lynn' 
{ihatio or lacteal vessfls just destcriljcd, there appearu something like the 
exercise of choice in tho materiuls admitted into them. But the absorp- 
tion by blood- vessels presentfl no such appearance of selection of raaterijda; 
nther, it appears, that every substance, whether gaseous, liquid, or a 
aolnble, or minutely divider! solid, muy be ab3orl>ed by the 
blood-veeaels; pnividod it is capable of permeating their 
walls, and of mixing with the bLootl; and that of all such 
substances, the miHle and measure of absorption are delor- 
mined solely by their physical or chemical projwrties and 
oonditious, and by those of tho blood and tbo walla of the 
Uood-vesseU. 

Osmosis. — Th« phonomona are, indeed, to a great ex- 
tent, (-'oraijambln to that piut^age of fluids throngh mem- 
brane, which occurs quite indopcndontly of vital conditions, 
and the earliejtt and best scientidc investigation of which 
Waft made by Dutrochot. Tho instrument which he employed 
in his experiments was named an endosmomeier. It nuy con- 
sist of a graduated tube expanded into an open-mouthed bell 
at one end, over which a portion of membrane Is tied (Fig. 
218). If now the l»ell be filled with a wlntion of a salt- 
say sodinm chloride, and be immersed in water, the water 
will pass into the solution, and ))iirt of the sali will pass out 
into the water; the water, Jiowever, will pass into the eoln- 
tion mncb more rapidly tluin the salt will pass out into the water, and the 
diluted solution will rise in the lube. To this passage of flnids through 
membrane the term Oxjitoidg is applied. 

The nature of the membrane used as a septum, and its affinity for the 
fluids subjected Co experiment, have an important influence, as might be 
Miticipated, on tho rapidity and duration of the osmotic curreut. Thus, 
Vol. I.— ». 




na.9W b. 

domiotiwwr. 




306 



"iri^-i 



if a piece of onlinar}' bladtler be used as the anptum between water nnil 
alcohol, the cuiTcnt u almost boIoIt from the water to the alcohol, on 
ocuount or the much greater aHiiiity of wut^r fur tliis kind of mcmbraitc 
M'hile, on the other hmid, in thi^ casu of a uiembraue of eaoutcbouc, the 
-ftlcohol, from it4 gi-ent^r aflinity for this finbstaiicd> would paae iireel; into 
^hc water. 

Osmosis by Blood-vessels. — Absorption by blood-resuk is the 
cone>equeiic-ti t.)f tlieir watlii ht^ing, like the membranous scptuxQ of the 
■ondoemometcr, porouB and capable of imbibing fluids, and of the blood 
iieiiig so {;om[>u6«d that must fluide will mingle with it. The proce« of 
absorption, in an iiistnictivt', clumgli very imperfect degree, may be ob- 
eervcd in any portion of vaacular tissne romored from the body. If such 
a one be placed in a veKtrel of water, it will abortlr swell, and become 
heavier and inoister, Ihrongh the qnantity of wat<>r imbibed or soaked 
into it; and if nnw, the blood contained in any of its reaseU be let out, it 
will bo found dihited with water, which haa been absorbed by the bIoo5> 
ToaselB and mingled with the blood. The water round the piece of tiaat 
alao will become lilood-Htained; and if all be kept at perfect rest, the stain 
derived from the BoUition of tho coloring matter of the blood (together 
with which chemistry would detect some of the nlbumen and other ports 
of the liquor sanguinis) will spread more widely every day. The same 
will happen if the piece of tissue be placed in a saline solution instead ol 
Water, or in a Bolution of coloring ur odorous matter, either of which will 
give their tinge or smell to the blood, and receive, in exchange, tho color 
of the blood. 

Colloids and Crystalloids.— Various substances have been claasified 
according to the degree in which they posseaa the property of passing, 
when in a state of solution in watvr, througli membrane; those which 
pass freely, inasmuch as they are usually capable of cri'stallization, being 
termed crystnihid!*, and those which paBS with difticitlty. on account of 
their, phytiicully, glue-like characters, loUoith. (Undiam.) 

This distinction, however, between colloids and crystalloids, vltich is 
made the basin of their flitssification, is by no means the only difTerencc 
between them. The colloids, besides the absence of power to assume a 
crystalline form, are characteriBed by their inertness as acids or bases, and 
feebleness in nil oi-dinury chemical rchUiona. Eviimples of thorn art 
fonnd in albumin, gelatin, Btarcli, hydrated alumina, hydrate<l eilieic 
acid, etc; while the rrystalloidti are eharaoteriw-d by qualities the roversi! 
of .those just mentioucd as belonging to colloids. Alcohol, sugar, and 
ordinary saline substanees are (jxaiiipleH of crystalloids. 

Rapidity of Absorption. — The rapidity with which matters may W 
abRorbed from the stomach, probjihly by the blotKl-vesseU chiefly, and 
diffused through the textures of the body, may be gathered from tho his- 
tory of some experiments. From these it appears that even tu a qnaiier 
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ing pvcn on an Pinpty atomnch, lithmm chloriile may 

(liffuik>4l into all (he vasctihir tuxMjruB of the hudv, uutl iiitu sonic of 

the non-vascular, u tbo cortUogo of the bip*joiut, as well as iiito the 

aqineoiu humor of llie eye. Into the outer [>art of the crystulline lens it 

I mSi5 pasa after u tiinu, varying from liulf an hour to a» hour tuiil a luilf. 

^BUthium carboDRte. when taken in fiT« or ten-grnin doses on an empty 

^Htomach, may be detected in the ntiite in 5 or IDminntes; or, if the 

^TBtomach he full at the time of takinj? the duBe, in '^0 niinutvs. It may 

sometimes be detected in the iirinu, moreover, for eix, seven, or eight 

days. { Reiiec Jones. ) 

Some Gxperinionts on the Bbsor^ttion of Tarious mineral and vegetable 
poisons, have brought to light the singular fact, that, in some oasec. 
absorption takes place more rapidly from the rectum than from the 
•tomat^h. Strychnin, for example, when in w)lution, produces it* poison- 
ous effects much moit) s|)eerli]y when introdnce<l into the rectum than 
into the Atomach. When introduced in the solid form, hoirever, it ia 
absorbed more rapidly from the stomach than from the rectum, doubtless 
Iweanae of the greater solvent jirofwrty of the secretion of the former than 
^^ef that of the latter. {Savory.) 

^m With regard to the degn.'^ of absorption by living blood -vessel !i. much 
^■depends on the facility with nhicli thesubstaiice to be abeorlA'dcan pene- 
V truly the membrane or tissue whieh lies l>etween it and the lihMwi.v<Ta*el*. 
Thus, absorption will hardly take place through the cpidcnnis, bnt is 
quick vhen the epidermis is removed, and the flame vessels are covered 
with only the surface of the cutiA, or with granulations. In general, the 
shaorptton through membranes is in an inverse projmrtion to the thiek- 
Dcss of their epithelia; ko that the urinary blailder of a frog is traversed 
in leas than a eccond; and the absor|)tiou of poisons by the stomach or 
lungs appears sometimes uccomplisbed in an immeueurably small time. 
^m Conditions for Absorption. — L. The substance to be absorbed must, 
^P MB a general mle, W in ilie liquid or gaseous state, or, if a solid, must be 
Soluble in the fluids with whieh it is brought in contact. Hence the 
marks of tattooing, and the discoloration produced by silver nitnite taken 
iniematly, remain. Merniry may Iw absorbed even in the metallic state; 
and in that state may }mss into and remain in the blood-vessels, or be 
deposited from them; and kucIi sut>titances as exceedingly finely-divided 
charcoal, when taken iuto the alimentary canal, have been found in the 
mesenteric veins; the insoluble materials of ointments may also be rnbt^ 
into the blood -vesseU; but there are no fai'ts to determine how these 
Tariuas snbstanccs ofTect their pos^ige- Oil, minutely divided, as in an 
emnlsion, will pass slowly intn blood -resseU, as it will through a (liter 
moistened with water; and. without doubt, fatty matters find their way 
into the blood-vessels a» well as the lymph-veeaels of the intestinal canal, 
although the latter seem to bo specially intended for their absorption. 




308 HAND-BOOK OF PHYSIOLOGY. 

2. The less dense the flnid to be absorbed, the more speedy, as a gen- 
eral rule, is its absorption by the living blood-vessels. Hence the rapid 
absorption of water from the stomach; also of weak saline solutions; bat 
with strong solntions, there appears less absorption into, than effusion 
from, the blood-vessels. 

3. The absorption is the less rapid the fuller and tenser the blood-vessels 
ore; and the tension may be so great as to hinder altogether the entrance 
of more fluid. Thus, if water is injected into a dog's veins to repletion, 
poison is absorbed very slowly; but when the tension of the vessels is 
diminished by bleeding, the poison acta quickly. So, when cnpping-glasBes 
are placed over a poisoned wound, they retard the absorption of the poison 
not only by diminishing the velocity of the circulation in the part, but 
by filling all its vessels too full to admit more. 

On the same ground, absorption is the quicker the more rapid tbe cir- 
culation of the blood; not because the fluid to be absorbed is more qnicklj 
imbibed into the tissues, or mingled with the blood, but because as faet 
as it enters the blood, it is carried away from the part, and the blood being 
constantly renewed, is constantly as fit as at the first for the reception d 
the substance to be absorbed. 
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The ATcrago Tompernture ol the human body in tbo»e internal parts 
irhich are moot «aail.v acce^ible, iw the mouth and rectum, U from 98'd" 
to as-S" V. (Sfi-ii'— 37-4° C). In (iifferpnt jMirta of the external Burface 
of the human body tho tcmjicratnre varies on\y to tho extent of two or 
throe degrees (K.), whon all art' alike protei't^^d from cooling innuumree; 
and the difTprenoo wliu^h unilur thi'so oiruuiniitanccs exiats, depemU i;hi<-ily 
upon tlio different degrees of blood-supply. In the arm-pit — the most 
convenient situation, under Ordinary cirounistanvtw, for exumination by 
the thermometer— t!w uvemge temperature is Uti'C' F. (Se'S" C). In 
different internal parts, the variation is one or two degrees; those parts 
and oT^ana being warmert which contain most blood, and in which there 
occnrs llic greatest anionnt of chemical change, e.g.. the )<liind» and the 
inuacles; and tho tAmporHture in htgheat, of courw, when they are mofit 
actively working: while iho&c tiHSiica which, euhscrving only a mechanical 
fanction, are the neat of Icvu^t active cirLMilution anil chemical cliange. nw 
the eooleet. These differciicea of teniiwralure. however, are actnally hot 
slight, on account of tlie provisiooB which exist for maintaining unifonn* 
ity of teraperatnrc in different parts. 

Circumstances causing: Variations in Temperature.— Tho 
chief circnui3tancca by which the tfmixrmmre of the ht-althy body ia infin- 
enced are the following: — Apt; Sex; Period of the datf; Exercise; Ch'- 
mate and SeaiiOH; Food and Drink. 

Age, — The average tempenituro of the new-boni child is only about 1" 

(-54° C.) aliove tlwl proper to the udult; aud the ilifferemie betimes 
ill mor« trifling during infancy and early childhood. The teniiH-ratnre 
'alia to the extent of ahout "-i" — "S** F. from early infancy to pulwrly, and 
by about tho Banie amoutit from puberty to fifty or sixty years of age. In 
old age the temperature again rise*, and approaches that of infanc}*; but 
although this is the caac, yet tho power of roalaiing cold is lo«8 in them — 
exposure to a low temperature causing a greater reduction uf heat than in 
young persons. 

The same nipid diminution of tcmpernture has been observed to ocmr 
in the new-born young of nioet camivorou!" and nKlent animals when they 
arc removed from the parent, the temperuture of the atmosphere being 
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between 50" and 53-5" F. (lO'-ia* C); whereas while \ving clow to the 
body of the mother, tlieir teni^c-rature is only 2 or :j degrees F. lower 
than hers. The same law appho3 to the young of birds. 

Se-x. — The average temperature of the female would appear to be reiy 
slightly higher than that of the male. 

Fen'ad of ike Dai/. — The tem|)eruture undergoes a gradnal alteratioa, 
to the extent of about V to 1-5' ¥. (-5*— -B^C.) in the coarse nf the daT 
and uigbt; the viimmum being at uigbt or in the early morning, iht 
maximnm late in the afternoon. 

Exercige. — Adiif excnUe raises the temperature of the body from V 
to 8* P. (-54*— 1.08' C). This may be partly ascribed to generally in- 
creased combustion •processcB, and partly to the fact, that every mnecalfcr 
contraction is attended by the development of one or two <Iegree8 of ht«t 
in the acting mnBule: and that the heat is increased according to the 
number and ra|mlity of these contractions, ami is quickJy dilTnaed by the 
blood cirotilating from the heated muaclee. Poseibly, nleo, Home hesi 
may be generated in the various movements, etretcbingg, and recoiling* 
of the other ti&eues. as the aiiericti, who^e elastic walls, alternately dilated 
and contracted, may give out gome heat, jnst ue caoutchouc alternately 
stretched and recoiHng becomes hot. But the heat thus developed cannot 
be great. The great apparent, increase of heat during exorcise depends, 
in a great measure, on the increased circulation and fjuftniity of blood, 
and, therefore, greater heat, in parts of the body (na the skin, and eii]>e« 
cially the skin of the extremities), which, at the same time that they ted 
more acutely than others any changes of temperature, are, under ordi- 
nary conditions, by Bome degrees colder than organs more centrally 
situate^l. 

Climatt and Seitmn. — The temperatnTe of the human body is the samft 
in temperate and tropical oHmates. (Johnson, Boilean, Furnell.) In 
summer the temperature of the body is a little higher tlian in winter; the 
difference amounting to nbotit a thircl of a degree F. (Wunderlich.) 

FfKiil and Drink. The elTeet of a meal upon the temperature of a bodr 
is hut small. A very slight rise usually occurs. Cold alcoholic drinlta 
depress the temperature somewhat ('5° t(» 1° F.). Warm alcoholio 
drinks, as well as warm tea and eoRee. raise the temperature (aljout 'S" K.). 

In disease the temperature of the body deviates from the nonoal stimd- 
ard to a greater extent than would be anticipatt'ii from the slight effect 
of external conditions dnriug health. Thus, in some diseases, as puea- 
monia and tj-phns, it occasionally rises as high as IOC or 107* F. (41* — 
41 "6" C); and considerably higher teni]K'nitiire8 have been noted. In 
Asiatic cholera, on the other hand, a iherniomctcr ])l«ced in the mouth 
may aometimee rise only to 77* or 79" F. (25°— 2C-2' C). 

The temperature maintained by Mammalia in an active etat« of lif^ 
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»rding to tho tabloe of Tiedomann and Radolphi, aTeracn 101'' 
(38.3° C). The oitremes r<«orded h\ tlicm wont M" ami lOti", tho formor 
m the TULrwliiil. tho tutter in a bat (Vosportiiio ]>i[ii£trcliii). In Kinti^, the 
aVftn^i* is a8 lii};h as lOT** (41*2" C); tht; hif^hoKt icjiiiH^mtun-, 11] '25° 
(M-i v.); bciii^' in tlicpinnll f:]:M^ic'«, tho linnets, vtc. Anion); Kc|)til(!6, 
while the nifiliuni th«y w«ro in was Tri" (2.1!)^ (,'.) tlieir average tempem- 
lurt! was Hi-n" {31 •'i'' <.'.). Ae a general nile, their U-nnierature. thiin^'h 
it falls with tlint of the aurrnnndlrif; nn-dinni, i^, in tenipenitu media, two 
morif degrees higher; hikI thimxh it rttiuH al^n with that of the Tne<]i(im, 
et at very high degrees it ccnws to do so. and remain* oven lower than 
that of the medinni. Fish and invertebrata present, a» a general rule, tlie 
Muno tempcratnre as the nie<diiim in which they live, whether that be high 
or low; only among Ush. the tnnuy tribe, with strong hearts and mi 
meat'tike muflclee. and more bkiod than the urerage of fish have, are 
generally 7° (3*8' C.) warnver than the water amnnd them. 

The difference, therefore, between what are commonly called the warm 
and the fold- Mood e<l animals, i« not one of abst>liitely higher or lower 
temperBtiire: for the animals whii:h to us in u tvmperute climate feci eold 
[being like the air or water, colder than the surfaee of our bodies), would 
ID an extenml temperature of 100" (ST'S" C.) have nearly the same tem- 
perature and feel hot to us. The real dilterence is that what we cull 
warm-blcMMled animals (Itinls and Mnmraiiliit), haven certain "i}ermAneDt 
heat in all atmospherce." while the temperature of the others, which wo 
Hpdl cohl-bloode<l, i» "variable with every atmosphere." fUunter.) 
^" The power of maintaining a uniform temperature, which Mammalia 
and BinlB possess, ia combineil with the want of |)ower to endure such 
changes of bo<ly tempitratnre ns ai'e harmless to the other classes; and 
when their power of resisting change of temperature ceaseB, they suffer 
rioQS disturbance or die. 
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Sources and Mode of Production of Heat in the Body.— 

bo heat which is produce<l in tht; body urisuj! from t-ambustion, and is 
dae to the fact that the oxygen of the atmosphere taken into the system 
is combined with the carlion and hydrogen of the tii»ues. Any changes 
which occur in the protoplasm of the tissue*, reuniting in an exhibition 
of their function, in attended by the evolution of heat and also hy the pro< 
,duction nf carbonic acid and water: and the more actiTc the changes, 
the grcaUT tho heat prodiitv^d and the greater the amonnt of the CHrlKitiic 
arid and water formed. But in order that the pmtoplaem* may perform 
its function, the woeto of its own tissue (dpetructive metabolism), must 
bo repaire<I by the Ripidy of food material, aiul therefore for the produc- 
tion of heat it is necesBary to Btipply food. In the tissace, therefore, 
two proce«sc5 are continually going on: the building up of the protoplasm 
from the fo«jd (constrnctive metabolism), which is not accompanied by 
the evolntion of hent but possibly by tho reverse, and the oxidation of the 
protoplastic materiitl<<, reimlting in the production of ehergy, by which 
heat is produced and carbonic acid and water are evolved. Some heat 
will also be generate*! in the combination of sulpbnr and phosphorus with 
oxygon, but the amount thus produced ia but enull. 
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Tt is not neceaaary to assume that tbo combnstion procc<ss«8, which 
ultimately isauo in the production of carbonic &^id and water, ara ae sim- 
ple as the bare stjitement of the fuct might soctn to indicate. But com- 
plicated iis the varfona BUigi» of eombimiiun niuy be, the ultimate resah 
i£ 08 simple us tn ordinary combuBtion outside the body^ and the prodacu 
are the tuime. The sarno amount ot heat will be evolved in the nnloii 
of uuy given quuntitieti of carbon and oxygen, and of hydrogun and ox\- 
gen, whether the combiuatiou he rapid and direct, as iu onlinary combtu- 
tion, or slow and almost imperceptible, as in the changes which occur i:i 
the living bo<ly. And uince the boat thus arising will be distribat«d 
wherever the blood ia carried, every part of tho body will be heated cqnall;, 
or nearly so. 

Tills tlicorj', that the maintcnanco of tho temporaturo of the Uvinj 
body depends on oonvinnal chemical change, chletly by oxidation, of 
combnetiblo materials existing in the tissues, has long bcene&tatilisliMJ by 
the dernonstnitiuii that the quantity of carbon and hydrogen wliicii. in 
a given tluic, uiiiteii iu Ibe body with oxyjieu, h siiflicient to account for 
the amount of heat generated in the animal within the same time; im 
amount capable of maintaining the tcmporiiturc of the body at from %* 
—100" F. (ae-S"— 3?-6° C), notwithstanding a hirge loaa by radiation and 
evaporation. 

It should be wmcmbcrcd that heat may be introduced into the body 
by iiieaiiK of warm drinks and fuoils, and, again, that it is possible for the 
preliminary digestive <'bnng08 to l>c accompanied by the evolution of lii»t. 

Chief Heat-producing^ Tissues. — The chemical uhaugca whiclt 
produfo the body-lieiU ajifiear to be especially active in certain tiflsuen:— 
(1), In the Mfisckfi, which form so large a part of the organism. The 
fact that the manifestation of mnscuUr encncy is always attended by tfae 
evolution of boat and the production of carbonic acid has been demon- 
strated by actual experiment; and when not actually in a condition of 
actiro contraction, a metabolism, not so active but still actual, goesOD, 
which is acconipani^Hl by the manifestation of heat. The total amoant 
set free by the uiUBcles, therefore, must be very great; and it has be«ii 
calculated tliat even neglecting the beat produced by the quiet nietaboliam ■ 
of muscular tissue, the amount of heat generated by muscular activity 
supplies the pri7icipid part of the total he^it produced within the body. 
(2), In the Seeretiny gliiwh, and principally in the liver as being th* 
largest and most active. It has bcK?n fonud by experiment that the blood 
leaxing tlio glands is considenLhly wanner than that entering them. The 
metabolism in the glands is vo-y active, and, as wo have eeon, the more 
active the metabolism the greater the heat produced. (3), In Me Hrain; 
the venous blood having a higher tem[>eratLtre than the arterial. It 
must be remembered, however, tbiit aUhongh the organs above mentionrd 
ore the chief heat-producing parts of the body, all living tiwues eoutribute 
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llieir quota, and this in direct proportion to tlioir activity. The blood 
itself is alfio the tteat of meUilKiliein, and, therefore, of the prodaclion of 
heal; but tbo slmre wliich it Uke-s in tlii« renp^t, apart from the tisauc« 
in which it circiiliitos. i^ very inooiisiilenibU*. 
■ Reg^ulation of the Temperature of the Human Body.— Tho 
arcrage ttiiii>emtury of the body is inaintaiiH'iI under iliirereiii conditions 
of external oin?unwtnncca by niechanlema which permit of (1) vuriiition 
in the amount of heut got rid of, and {'i) rariutions in the amount of heat 
produced or tnlrrHlui^od into the body. In healthy warm-blooded ouinmls 
the loss and guiu of huat are so nearly balanced one by the other that, 
under idl ordinary circumstances, a oniform temperature, vrithin two or 
^ three de^TCt^, ii* iircwm-nd. 

H 1. Methods of Variation in the amount of Heat got rid of. — 

^Vriie lo&d of he4it from tlie linmnn body is principally regulated by tho 

^amount lost by ruliatiun tinil coiidnction from ltd e>nrfa>oe, and by means 

of ihv conetant evaporation of vuter from tho same fMirt, and (2) to a 

Imiicli leas degree from the uir']>aa&age«; in eiicli act of rct>pimtion, heat 
js tost tu a greater or leoci extent according to the temperature of the 
fttffloepbore; nnte«s indeed the temju'racure of Ih© gnrrouudinj; air exceed 
(lutt of the blood. We mnsr remember too thiit all fo<x! and tlrink which 
enter the bo«1y at a lower tempcnitnre timn itself abstract a Bmall meaanro 
of heat: while the nrine and ttvccs which Icare the body at abont itd own 
temp*'rature arc also meaiia by which a small amount is lost. 

{a.) LoM of Unit /rum the Surface of tfie Bndtf : the Skin. — By fiu- 
the mcKt important loss of heat from the body, — prolwhly 70 or 80 per 
cent, of the whole amount, ia that which takes place by ra<Iiutiou. con- 
duction, and evaporation from the «kiii. The means by which the Hkia 
is able to act xm one of the most important or^Hns for regulating the tem- 
perature of the biooil, lire — (I), that it offersa large surface for radiation, 
conduction, and evaporation; {'i), that it contains a large amontit of 
blood; (3). that the quantity of hloc^l contained in it is the greater under 
tboao circumstances which demand a lom of hcoit from the liody, and rice 
vend. For the circumstance wliich directly determines the (juantity of 
blood in the skin, is that which governs the supply of blood to all tho 
tisanes and organs of the body, namely, the power of the voso-motor nervr>e 
[to cause a greater or less tension of the muscular element in the walU of 
[the arteries, arul. in cnrreepondence with this, a lessening or Increase of 
[the rulibre of t he vos»el?, accompanied by a Ic-is or greater current of blood. 
worm or hot atmosphere so acts on tho ncrvo fibres of tho skin, u to 
them to cause in turn a relaxation of the muMmlnr fibre of the blood- 
bIs; and, as a result, the okiu bceomeH full-bloiKlei), hot, and sweating; 
and much heat is lost. With a low temperature, on tho other hand, the 
blood-TeeaeU shrink, and in accordance with the consequently diminished 
blood-OTppty, the skin ))ecotn«8 pale, and cold, and dry; and no doubt a 
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sirailiir effect may be produced tlirongh the vaso-motor centre in Uw 
medulla and spinal cord. Thus, by means of a self-i-egulating apparatni, 
the ckin becomes the most importaut of the means bj irhicb the lemprru- 
turc of the body is reg^iilated. 

In connection with luss of heut by the skin, reference has been made 
to tliat which occurs both by iwliation and conduction, and by cvapOTt 
tion; and the aubjuct of animal heat has been uonsidered almost eolely 
with a'gard to the ordinaiy case of man liviug iu u medium colder thia 
hiii body, and therefore losing heat in all tlio ways moutiuned. The im- 
portauce of the means, hovevvr, adopted, bo to speak, by the skin for rego* 
latiiig the tcmpcniture of the body, will de{M*iid on the t-onditioui bj' 
which it is suiTounded; an inverHo proportion exiMing in most case* be- 
tween the loss by radiation and conduction on the one band, uhI bf 
craporation on the otht^r. Inde»l, the Bmoll loss of heat by eraporatjon 
in cold cliniut^ui may go far to cotniienfiat'O for the greater loss by radia- 
tion; as, on the other band, the great amount of fluid evaporated in hot 
air may remove nearly as much beat as is commonly lost by both nuhV 
tion and evuporutiou iu ortlinarj* temperatures; and thus, it ia poKibk 
that the quantities of heat required for the mainteuance of a tuiifonn 
pro|>er temperature in varions climates and scaaons ai-e not so diflcreut 
as they, at first thought, seem. 

Many examples may bo given of the. power vfhirh tht bodtf posaesae-a tf 
rf.tiyli»(/ the vpecfn of a high tFfnpt'ra!ure, in virtue of evajKtnition from 
llie (ikiii. Uhigdcn and others supported a tempemturu varving betweeu 
IftS"— 2ir F. '(ya^—lOO" C.) in dry air for sevenil minntV«; and jn a 
t<nbseqiiei)t experiment he remained eight miuute£ in a temjwniture of 
260° F. (Vir,-^^ C). "The workmen of Sir F. Chaiitrey were ueciistoniwl 
to enter a fnrnacu, in which hi» numlds were dried, whilst the floor was 
rod hot and a thermometer in the air stood at 360" ^F. (ITT-S' C); and 
Chabert, the fire-king, was in the habit oT entering an oven the tempera- 
ture of which was from 400'* to 600° F." (306''— 316" 0.) (Canwnter.) 

But 8uch heats are not tolerable when the air is moist ae well as hot, 
80 as to prevent- evaporation from the body. C. James states, that in the 
vapor baths of Nero he was almost snifocatod in a temperature of 112*F. 
(44 'a" C. ), while in the caves of Tcalaceio, in whioh the air i« dry, he 
wna but little incommoded by a temperature of Hfi" F. {80" C.)." In 
the former, evaporation from the skin wag impossible; Jn the latter it ww 
abiiTidant, and the layer of vapor which would rise from all the BUrf:KT 
of the body would, by its very sluwly conducting power, defend it for a 
time from the full action of the external heat. 

(The glandular apparatus, by which secretion of fluid from the skin u 
effected, will be considered in the Section on the Skin.) 

The ways by which the skin may be rendered more efficient as a cool- 
ing-apparatus, by exjioaurc, by hatha, and by other means which man 
instinctively adopts for lowering his temperature when necessary, are too 
well known to need more than to be mentioned. 
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Althougli under luiv onliitary circiimstancee, Iho bxturnal application 
of cold ciily tuitipunirifv duprueaos the tetn]>i'ri(turt.' Cu u islight uxt&iit, it 
is otherwise in ctusvs of uigli tumpuniluru in fi-vi>r. In Llii-^t* vmstfn a tvpid 
bath niuy rcduue tlie tviiipi'iaturu sevLTut dugrt'L'tj, uud lliv efl'uct so pru- 
~Dutid latiLs iu souiu cuses fur luuuv liuun>. 



(b.) Lo»s (if Heat fmm the /,ti»ffji. — Ah a mpanR for Inwerinjf the teni- 
pcmiure, tlielunga Hudair-passiigca arc very inferior to the skin; iiltlioiigli, 
by giving hoat to the air we breathe, they stiiiid next to the skin in im- 
portanct*. As a reguUUiny powor, tho iaferiyrity ia still luoro ni«rkt?d. 
The air which i« expelled fmm the lungs U-aves the bo<ly at iibout (he 
t^inperatnre of the blood, and is always siitnratcd with moisture. No 
inverse proportion, therefore, exifitfl lietween the loss of heat by radiation 
and eondiirtion on tho one hand, and by evaporation on the other. The 
colder the air, for example, the greater will be the loss in all ways. 
Neither iii the quantity of blood which is exposed to the cooling inlluenoe 
of the air diminished or increiused, no far as is known, in accordance with 
any need in Telation to torn per atn re. It is true that by varying tlie num- 
ber and deptli of the reapinitioiis, the <|Uanlity of heat given off by the 
lungts may ho made, to some extent, to vary also. But the respiratory 
passages, wliile they most he eoneidered important ttiennB by whieh beat 
ia lost, are altugether subordinate, in the power u[ regulating the tenij»er- 
aturc, to the skin. 

(c.) Bfi Chlhhig. — The influence of external coverings for the body 
net not be unnoticed. In warm. blooded animals, they are jdways 
adapted, among other purpoBes, to the maintenance of uniform tempera- 
ture; and man adajits ffir himsetf snch as are, for the eame piirpoBc. fiitfd 
to the various climates to which he is exposed. By their mean?, and by 
his command over fitod and (ire. he maintains hia tempcnilure on all 
acceesiifle parts of the surface of tlie eartli. 

II. Methods of Variation in the amount of Heat produced. 

— It may «eem to have been assumed, in the foregoing pages, that the 
only regulating npiiamtiis for temperature reqniircd by the human body 
i« one that ghall, m<)ro or li'tw, pnnhiee a rooh'nr; effect; and as if the 
umoxint of heat prothicod wore always, therefore, in excess of that which 
is ref|uired. .Such an assumption would be iiic"rreft. \Vu have the power 
of regulatiug the prothiction of heat, as well ;i^ its loss. 

(a.) liif licffuhtinrf fhr Quatiftfii nrtfi Qnniifif af the Fooft tahf».~--\'n 
food we have a means for eloTating our temperature. It is the fuel, 
indeed, on which animal heat ultimately depends altogether. Thnn, 
when more heat is wanted, we inBtiiietively take moro food, and take 
such kinds of it as are gnod for tx>mbu5tion; while ever}'-day experience 
shows the different power of resiisling cold possessed, respectively, by the 
«'ell-fed and by the starved, In northern regions, again, and in the 
colder seasoits of more southern cHmca, the quantity of food consumed is 
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(speaking rory genorolly) fn^ater than that consomod by the aame men 
or aniinuU in opposite conditions of climate imd aeason. And the fi 
which appears imturally udaptod to the inhabilaiits of the cold 
clinijitpfi, such as the sevenil fatty and oily Bubstaiieeg, abounds in carb 
and hytlrogen, and is fitted to noinbinc willi the hirge ijuantities of my- 
gen wliich, brcnthing cold dense air, they absorb from their lungs. 

{fj. ) li^y AVfrrtVf, — In exorcise, vro have an important meauu of misiiig 
the temperature of our bodies (p, HIO). 

(c.) Hy Iitfiuenee of i/ie Xcnvtis Spttteni.— The influence of the nerr- 
ons system in modifying the production of heat iimiiit Iw very important, 
as upon nervous Infitieuce depends the amount of the metabolism of the 
tissues. The experiments mid obeen'utiorui which betfl illustrate it ure 
those showing, first, that when the sripply of nervous influenev to a fieri 
is out off. tho tempcniinre of tliat part falls below ita ordinary degree; 
and, secondly, lliat when death is enused by eeverc injurj- to. or rcmoviJ 
of, the nervous centres, the temperature of tlte body rapidly faUs. ereii 
though artificial respiration bo performed, the circulation maintaiiwi, 
and to all appearaucc the ordinary clieniical changeii of the body be com- 
ptetely effected. It has been repeatedly noticed, that after division vt 
the nerves of a Ilnib its temperature falls; and this diminution of heut 
has been remarked still more plainly in limba deprived of nen-ous influ- 
ence by ]mmly«i8. 

With equal certainty, though leas deflnttelv, the inflnence of ttm 
nervous aystem on the production of heat, is shown in the rapid niul 
monK'utary incivtuttv of temperature, sometimes general, at nibcr liiiifa 
cjuite local, which is obsorved in states of uen'oua excitement; in ihe 
general incrcas^of warmth of the body, sometime!* amounting to iwrejM* 
ration, which .ia-e.^citod by paasions of the mind; in the sudden null o( 
heat tcrtlie face, which is not a mere sensation; and in the equally rapid 
diminution of temperature in the depreaaing passions. But none of thcoe 
illBtances 3uffic« to prove that heat is genonited by mere nervoiis ai:'tion. 
imlependenl of any chemifii! chiinge; alt are csjiHeable, on the 6upi)oa- 
tion that the nervous system alters, by its power of controlling the calibri 
of the blood-vessels, the quantity of blood supplied to a part: while any 
influence which the nervous svBtcm may hava in the pnniuetion of heal, 
apart from this influence on tho blood-vessels, is an indirect one. and ii 
derived.from.its power of causing such nutritive change in the tissues as 
may, by involving the necesaity of chemical action, involve the produo 
tion of heat. 

Inkihitortj hmf-rentre. — Whether a centre exists which regulates tho 
production of heat in warm-bloodnd animals, is still umlecided. Kx|)eri- 
nients have shown that exposure to cohl at once increases tho nxygca 
takon in, and the cnrbonic aoitl given out, indicating an increase in the 
activity of tho metabolism of the tissues, but that in animals poisoned by 



I 



ANTMAL HXAT. 



SIT 



3, expoenre to cold diminisltes both the TnolAholism and the t«rai>er- 
Btnre, and warm-hlooilwl animiila then ro-nct to viiriiitinus of the ex- 
ternal temperature just in the Bnmc way as cold -Wooded. These experi- 
Inenta seem to siig^^t that there is a centre, to which, under normal 
ciw'umstiinoos, the impreaeion of ci>!d is eunveyed. and from which hy 
efferent ncncs impulses pass to the niuscIcB, wherehy aii increased raetttb- 
olism is induced^ and so an iiiureascd amount of heat is generate<l. The 
oentre U proWUy situated above the medulla. Thus iuurarized aniinale, 
M the ner^'ott to tlu* musckti, the metabolum of whieh ia ho importaut 
in the production of heat, are paral.YE«d, efferent impulses from the centre 
cannot indnce the necessary mctabulism for the prwluction of heat,* even 
though afferent impulses from the skin, stimulated hy the alteration of 
tern lie ratnre, have eonveyed to it the necessity of altering the amount of 
bent to W profiuced. The enme eiTcct iu produced when the medulla 
U cut. 

Influence of Extreme Heat and Cold. — In connection with the 

ihUion of uniniul temperature, and its ntainteuuuee In hualch at tlie 

tal height, may l>e noted the result of circumetances too powerful, 

either in raising or lowering the litat of the body, to bo controlled by the 

proper regulating apparatus. Walther found that rabbits and dogs, when 

tied to aboani and exjuijied to a hot sun, reached a temjieraturu of 114-8° 

F., and then died. Ca^e^ of gunatrokc fumiali ua with scvcnil example*) 

in the case of man; for it would seem that here death ensues chiefly or 

ilely from elevation of the temperature. In maiiy febrile diseases the 

immediate cause of death appears to be the elevation of the temperature 

(u a point inconsistent with the continuance of life. 

HV The effect of mere Iom of bodily temperature in man is less well known 

Kttian the effect of hwit. From experiments by Walther, it appears that 

»»bbit« can he cooled down to 48" F. (8.9° C). before they die, if arti- 

Hlicial respiration he kept up. Cooled down to 64° F. (17.8° C), they 

cannot recover unlres external warmth Iwi applied together with the 

employment of artificial regpinitLou. Itabbita not cooled below 77" F. 

(25° C. > recover by external warmth aluue. 



CHAPTER XL 

SECRKTION. 

Secretion U tho process by which matoritUs are eo|>aratod from the 
blood, and from the organs iti which they are formed* for the purpuw 
either of strving sume ulterior office iu the economy, or of being du* 
chnrgeil froni the body as nsclesa or injurious. In the former caae, the 
separated mnteriiiU art) torme<:l secrefioas; in the latter, they are termed 
excretiojis. 

yimt of tlie neeretionfi consist of 8ul)atanceti which, probably, do not 
pro-Mist in the samo fomi in the blood, bnt re(|uire special organs and & 
process of eUborution for their formation, e.ff., the liver for the formatioa 
of bile, the niauinuiry gluud for the formation of inilk. The vxcretioiu, 
on the other hand, ennmionly or chiefly consist of (tubstjtnres which exist 
ready-formed in the blood, and are merely abstracted therefrom. If from 
any cauw, each as extensile disease or extirpation of an excretory org»ri, ■ 
the flpparation of an excretion is preventoil, and an accumnlation of it in 
the blood cnauc*, it frc([ucntly escapes through other organs, and may bo 
detected in variouH fluids of the bofly. But this is never the case with 
secretions; at Icwit with thoeo that aro most elaborated; for after the 
remoral of the epeciul orguns by which any of them in elaborated, it is so 
longer formed. Cases sometimes occur in which the secretion continu«ti 
to be formed by the natural organ, bnt not being able to escape toward 
the exterior, on account of some obstruction, is re-abs<vbed into the blood, 
and afterward discharged from it by exudation in other ways; but theM 
are not instances of true vicarious secretion, and mnst not be thna 
regarded. 

These circumstances, and their final destinntion. ftre, however, the 
only particulars in M'hicli ^ccrcttonR ami cxcretinns can be distinguished; 
for, in general, the sti'ucturc of the parte ongagrKl in eliminating excre- 
tions is as complex as that of the part4 concerned in the foiTnation of 
secretions. And since the differences of the two processes of seporaiion, 
corresponding with those in the several purposes and destinations of the 
fluidR, are not yet ascertained, it will he suRicient to speak in genem! 
terms of the prot'css of separation or secretion. 

Erery secreting apparatus posses-ses, as i^ssentiiil parts of its stmcture, 
a simple and utmost tcxturele^ mumhrano, named the primary or baa»- 
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t-mtmbrane; certain celh; ami hlnod'VtMels. These three Btniotural 
elements areamBiigixl tojfcthcr in varioua ways; hut all the varictice may 
be cIiuKd under one or other of two principal divisioua, namcl}'» mem- 
bratus und glands. 

Oroaxs akd TrsscKs of S»CBEnoK. 

le principal sccreiinff membranwi are (I) tho Serons and SjiioTial 

^membrajivs; (3) the Mucous membranes; (3) tho Mammary gland; (4) 

ie Ijachrymn] gland; and (6) the Skin. 

(1) Serous Membranes.— Tho 8frous mpmhranes arc- «pociaUy di»- 

lisiit^d bf lliti cluinicturB of tho eiidullieliiim CDT«ring tli<?ir fnn Bur* 
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fcoe: it always consists of a single layer of polygonal cells. The ground 
ffab«tAnc« of moot Kerens mcnibnuieii conitijttit of conncctiTc-t issue cor- 
puscles of vnrionn forms lying in the brandling space* which constitute 
the 'iymph canalicnlar system" (p. 29;i). and interwoven with bundloJ 
of white fibrous tistiue, and nnmeroun delicate elastic fibrilhe, together 
with blood -TesH^I^, nen'oa. and lymphatics. In relation to the process of 
secretion, the kyer of connective tiesuu serves as a groundwork for tho 
ramificattoa of blood- vessels, lymphatics, and norroe. But In Hi usual 
form it la absent in some iitBtanee«, as in tho arachnoid coTering the 
dura mater, and in the interior of the ventricles of the brain. The 
primary membrane and epithelium arc always present, and atv concerned 
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in tlic formation of the fluid by which the free surface of tne membnn^ 
IB raoistetied. 

SeroiiB membraneB arc of two principal kinds: ].*/. Thoeo vhirh Hn« 
visoeral cavities, — the arachnoid^ pericardium, pleura-, peritoneum, and 
tunica vaginales. %iut. The i^i/novial membranes lining the joints, and 
the Hhcathet of tendotis uutl ligumeutv, with wbidi. also, are iuuuUt in- 
cluded the synovial bursa, or burxa muettga, whether theee be sabcutane- 
ous, or situated bencAth tendons that glide over Iwnea. 

Tbo geroufi membranes form cloacHl sacs, tind exist wherever the free 
Rurfaccs of viscem come into contact inth each other or lie in CHvities 
umittaehcci to surrounding parts. The viscera invcstttd by u serona mem- 
brane are, as it were, pressed into tiie sliiil sac which it forms, caminir 
before thctn u puL'tion of the membrane, which eervct! an their inveeimeni. 
To the luw tbut Eorous membranes furm shut sacs, there is. in the 
human subject, one exception, viz.: the opening of the I'allopian tubes 
into the abdominal cavity,— au arrangement which exists in man and all 
Vertehrata. witli the exception of a few fisliea. 

Functions. — The principal purpose of the serous and srnovial mem- 
branes ia to furnish a smooth, moist fliirfafe, to facilitate the movement 
of the invested organ, and to prevent the injurious effccta of friction. 
This purpose is e8]}ecia]ly manifeated in jointa, in which free and exten- 
sive movement* take phice; and in the Htoniach and intestines, which, 
from the varying quantity and movements of tlieir contents, are in almost 
constant motion upon one another and the walls of the abdomen. 

Serous Fluid.— The fluid secreted from the free surface of the wroirt 
membranes is. in hcuhh, rarely more than unllicient to ensure the main- 
tenance of their moisture. The opposed surfaces of each serous sac are itf 
every ppint in contact with each other. After death, a larger quantity 
of fluid IB usually found in earh serous aac; but this, if not the protluct 
of manifest disease, is probably such as has transudiid aft«r death, or in 
thL> last hours of life. An excess of such fluid in any of the derona aaci 
conbtituti.'K drupsy of the aw.'. 

The fluid naturally secreted by the serous membranea appears to 1» 
identical, in general and chemical characters, with the scnim of the 
blood, or with very dilute liquor saguinis. It is of a pale yellow or strsw 
color, slightly viscid, alkaline, and, on account of the preaence of albn- 
men, cojigulable by heat. This similarity of the serous fluid to the liquid,^ 
part of blood, and to tlrofluid with which must anima] tissnea are moiet-fl 
cncd. rcndent it. jmdialile tiiat it i», in great measure, separated by simple 
transuilation, tlirough the walls of the blood-vessels. The probability ia 
increased by the fact that, in jaundice, the fluid iu the serous sacs ia, 
equally with the semiu of the blood, colorud with the bile. But there i»M 
roubon for su)>po8ing that the fluid of the cerebral ventriclea and of thel 
arachtioid sac arc exceptions to this rule; for they differ from the flnJdi 
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of the other serous sks nnt only in boing pcllueid, ralorloes, and of inurli 
leas fi|itH-ilic gruvitv, but tii timt thev Beldotn receive the tinge of bilf 
when present id the blotKl. «ml arv not colored hy mjwlder, or olJu'i' 
umilar iubstanc«« iutroduc'ed ubiindanilT into the blood. 

Synovial Fluid: Synovia. ^-It i^ also probable that the formiitioii 
of rvho^ihI Ihiid in It prcio^-^ of more gt^nuine nnd claborHte ae<.'ret1oti. by 
meAru of the epithelial cells on tht: anrfare of the mernbnme. und vnpe- 
ciall.v of thoeo wliUdi are accumulated on the odgca and proeeeaea of the 
•jnorial fringes; for, ni he peeitliiir fleiuiity, viscidity, and ubundiiiice of 
albumin, Hynoviu dilTera alike fnim the saruni of bUxMl unci from the llidd 
of any af tliu fieroiuf t-avitic-s. 

{'•t) Mucous Membranes. — ^I'he wtici>ua mfmbrants line all thnro 
pMWges by which intenml parts conniinniciite with the t-xtiTior, uml by 
which either matters are elimimUwl from tho liody or foreign substances 
taken into it. They are soft and velvety, and cKtromely viwoiiUr. The 
external gurfocos of mucous inenibraneA iire nttaclied to rnriotin other 
Uuaefl; in the longne, for example, to nuipcle; on carlitugtmum parts, to 
perichondrium; in the cells of the ethmoid bone, in the frontal luid 
gphennidal Muue?^. ii« well as in the tynipunitni, to [x-'noiiteiim: in th(* 
inte»iinul canal, it ia uonm-cted with u tiriu ^ubmncons membrane, which 

iu ext«rior gives attachment to the fibres of the muncular coat. Tho 

iu<»us membrunoei line certain principal trocta — G astro- Pnlmonnry and 

Genito-rrrnary; the former being Biibdivjded into the lii;,a-«tivc and 

piratory tracts. 1. The DigeMtitv tmct commences in the cavity of 
10 mouth, from which prolongations posa into tho ducts of tho nalivarr 
■flandB.. From the moulh it passes through the fiuiccs, pharynx, and 
tnophagiis, to tho ttomach, and iis thence continued along tho whole iraet 
of the intottiual canal to the termination of tho rectum, being in its 
arranged in the various folds and depressions ala>ady deecrilied, 
•lid prolonged into the ducts of the tnteetinal glands, the pancreas and 
livor, and into the gall-bla*lder. 3. The li^jipiratarif tract includes tho 
mucous membrane lining the cavity of the nose, and the various sinuses 
communiailing with it, the lachrj-mal canal and s«c, the conjunctiva of 
the eye and eyelids, and the prolongation which pass's along tho Kusia- 
cfaiau tubei and lines the tympanum and tho inner surface of the mem- 
braiia tvmiKini. C'rcieaing the phiu^'nx, and lining tliac [lart of it which 
is above the soft palate, the respirator)' tract leads into tho glottis, wlu^noc 
it ia oontinaed, through the larynx and trachetw to tho bronchi and thotr 
dirisione, which it lines as far as tlie branches of about I'd "f an inch in 
dloincter. and continuous with it is a layer ot delieale epithelial mem- 
Hltrane which extends into the pulmonary cella. 3. The (Jfttita-vrinary 
tnct, which lines tho wholo of the uriniUT pasaages, from their extemiJ 
orifice to the t^Tmination of the tnbidi nriniferi of the kidneys, extends 
•bo into the organs of generation in both sexes, and into tlio ducts of the 
Vol. 1.— 31. 
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glands connected with them; and in the f^^mulu becomes contianons with 
tlif 8ero)H membrane of the abdomen at the limbru» or the yallcjpimi tubw 

Structure.— Along each of the above tracu, and m diffvrcut jwrtioiii 
of each of them, the mucooa membrano presents certain structural pecu- 
linritics ailapled to the functions which eaoh part bos to diacharfce: T«t in 
some Bsseiiiial cIitinuHi'm mucotm membrane is the same, from whatoter 
purt it is Dbtained. In all the prineipid and larger pai-is of the e^venl 
tnict«. it pn!60ats, us just reiniirkeU. an external layer of epitheliara. sit- 
Uuted iii\on /tastmvuf-tuniU/i'ane, and Umeatii Ihii-'. a stratum vt vai>cular 
tissue of variable thioknuee. containing lyniphalic veseels and tipnts 
which in difffcitnt cases presents either outgrowths in the form of ]wpil]x< 
and villi, or depressionfl or invohitiong in the form of ghinds. Bat in iho 
prolonpitions of the tracts, where they pnsa into pland-duct*, theae con- 
stituents arc reduced in the finest bninebc'S of the ducts to the epttholium, 
the primary or basemcut -membrane, and the cjipillorr blood-veaiieb 
spread over the outer surface of the [alter in a single layer. 

The primar)' or busomcnt-monibronc is a thin trauaparetit layer, 
simple, homogeneous, or composeil of endothelial cells. In the ininntfr 
dirisione of the uiucous membruiies, and in the ducts of glands, it is thi? 
layer continuous and correspondent with this basentent-menibrane that 
forms the proper walla of the tubes. The cells also which, Uninf; tb» 
larger and coarser mucoua membranes. constitut43 thoir epithelium, are 
continuous with, and, often similar tn those which, lining the {[land- 
ducta, are called ghnd-cflh. No certain distinction can be drawn be- 
tween the epithelium-cells of mucous membranes and gland-cells. It thu 
a])pw»rs, that the iLsHueii csseiitijil tii the produrtion of » secretion are, in 
their simplest form, a nieiubmrie. having on one surface bltHtd-vesseU, and 
on the other \\ layer of cells, which may be called either epithelium-cells 
or gland-celLs. 

Mucous Fluid : Mucus. — From all mncous membranes there is 
secreted cither from the surface or from certain special trhinda, or from 
both, a more or less viscid, greyish, or semi-transparent fluid, of nlkaline 
reaction and high epecitic gnnlty, nanud munti'. It mixcfs imperfef:t!y 
with «ator, but, rapidly absorliing liquid, it swells considerably when 
water is added. Under the microscope it is found to contaiu epithelium 
and luueocytua. It is found to be nuido up, chemioally, of a uitrogenotu 
principle called mucin which forms its chief bulk, i>f » little albameiif of 
salts chielly chlorides and phospkittvs, and wat«r with traces of fati and 
extractives. m 

Secreting; Glands. — The structure of the elementary portions of » V 
secreting appamtua, namely epithelium, simple membrane, and blood- 
veasols having been already de^ribeil iulhis and prvvious chapters, wo 
may proceed to consider the manner in wlucb they are amuigetl to form 
tliQ Tarieticfi of ffcretiHg glandn. 
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i Recreting glnndi are the organa to which the function nf sfrrttion 
more especially uBcrlbod; for they appear to be occupii'd with it alone. 
'They present, amid manifold divoraitit's of furm and conipoHition, a gen- 
eral plan of atnicture. by which they are distinguifihed from all other 
tcxtarcfi of thu body; uepeL-ially, all coataia, und appear con^lnictud with 
particular regard to, the arrangement of the cells, which, as already ex- 
pressed, both line their tubei) or oarities fu an epithelium, and elaborate, 
Miecreting cells, the substances to bo discharged from tliem. Gland* 
are provided altio with lymphatic vcaselfi and ncrres. The distribution of 
the former is not pecniiar, and need not bo here conBidert-d. Nerre-fibrea 
are dlntribaicd both to the blood-vessels of the gland and to its ducte; 
and, in some glands, to the secretitig i^ulla alM) (p. 330), ^ 

Varieties. — 1. The stmple tubule, or tubular gland ^a. Fig. 230), 
Kami>le8 of which are furnished by some mucous gUuds, the follicles of 
^Xieberkbhu (Fig. 18ti), and thi^ tubular glands of the stomach. These 
appear to be simple tubular depressions of the mncous membrane, the 
wall of which ii> formed of primary membnine, and is lined with secreting 
cells arranged as an epithelium. To the same class may be referred the 
elongated and tortuous sudoriferous glands. 

The comimuiul Itibuhir (jlandu {n, Pig. 220) form another dirision. 
These consist of main gland-tubes, which divide and subdivide. Each 
id may consist of the subdivisions of one or mort; main -tubes. The 
ltiaiat« Bubdivisioos of tlio tubes are gcncmlly highly convoluted, 
are formed of a bisement- membrane, lined by epithelium of various 
forms. The larger tubes may have an outside coating of fibrous, areolar, 

*or muscular tissue. The kidney, testis, salivary glands, pancreas, Bnm- 
lier's glands with the lachrymal and mammary glands, and some mucous 
glands are e3tHm])leR of this type, but present more or less marked varia- 
tions among themselves. 
^B 3. The aggregate or rarrmoae glawds, in which n number of rcaiclee or 
^^MSbi are armnged in groups or lobules (c, i^'ig. 230). The Meibomian 
^^PffiDles are exuiiiple« uf tliiti kiud of gland. 

^M Those various organs differ from each other only in secondarr points 
of straotnre; such as, chiefly, the arrangement of their excretory ducts, 
the grouping of the acini luid lobules, their connection hy areolar tissue. 
^bttid supply of hlnod.vdfurls. The acini commonly appear to be formed 
^by a kind of fusion of the walls of several vesicles, which thus combine 
to form one cavity lined or filled with secreting cells which also occupy 
raecasM from the nuiin cavity. The smallest bmnchcs of the gland-dncts 
sometimes open into the centres of these cavities: sometimes the acini 
are clustered round the trxtremities, or by the sides of the ducts: bnt, 
whatever secondary arrangement there may be, all have the same eeeen- 
tial character of rounded groujis of vesicles containing gland-cells, and 
opening hj a common central cavity into minute ducts, which ducts in 
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the large glanjs converge ami unite to form lur^r and larger braucbet, 
and at lengtli by one common trunk, open on a (rce surface of mombniie, 
Among thvsa ranctu-s of structure, all the secreting glands are alike in 
Bomc essentiul points, besides tlioHB which they tiave in common with uU 
truly Beri'fi.iiiji'fitruotiiivB. Tht-'v apreo in prc-senting u large exieni pf 
80(;reciiig surface Trithiu a comparatively small spaue; in the circumstaDw 
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A. Hloiiilit! KlAodB. oix 0- struijilit liiU-; A, mo: i, ooUnl iiihr It. niullltoeBllri 

torm: LMtxaiar. C. raoMii';*^-. ur Mc«ulareDi»|Knin(l Rland; m. enttn^UL 

riiiuiKail inlniUw- ■triii-iiiiv: >i, a lobulr, deiaohcd wltli «. briuich ot diict prcatwiUiig fratnll. D,ani- 
pound ttiliiilar icImiiI. 4Hbnrp<'y>l 

that while one end of the glnnd-dnnt opens on a free surfaiw, the oppneite ■ 
end is always closed, hnving no direct communication with blood-voawU, 
or any other canal; mid in a. nniform arrangement of capillary blood- ^ 
veesela, ramifying and forming a network around the walls and in the fl 
ml.pn=ticcB of the duct* and acini. 

Process of Secretion.— In secretion two distinct procenos are con- 
cerned which may he spoken of tm, 1. Physical, and 2. Chemical. 
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Phtjtnral jtroctMfH. — These arc bhcIi as can bo closely imitated in 
the liihorutory, inui>inui.-li us thvy cotuisi in the operation of well-known 
physiml laws: thoy are — 
^L (o) Filtrution. {b) DilTuBion. 

^P {a) FiUraiioH ia simply tlio piuMuge of a Jluid through a poroas mom- 

tHiuie tinder the influence of pressure. If two tluidd be separated by a 

porons mcmbmne, an<l tlio prensuro on one side i« greater than on the 

other, it is evident that In the absence of connteracting osmotic intln- 

ettces (see below) there will be a filtration throngh the luembnuie until 

tbe prcasuro on the two sides is equalized. Of rotirse there ntay on]y 

be fluid on one side of ihe mcinbrano, a^, in the ordinary procces of Qlier- 

ing throngh blottiiig-papi-r, and thou the ditnition will continne as long 

as the prcastire (in this cafic, the weight of thu Huid) is sufliciont to force 

it through the pores of the filter. The uccessary inequality of pressure 

■vmuy be obtained cither by diaiini^hing it on one niUe, as in the case uf 

"cupping; or incrca«ing it on the other, as in the case of the increased 

blood-prcwure and consequent increased tlow of urine rejiulting from 

copious drinking. By filtmtion, not merely water, but yuHoub salts in 

^■solution, may transude from the hU)oil'rc««els. It eecnts probable that 

^kaome Auids, suoh as the secrotiona of aerous nioinbranes, are dimply osa- 

dationa or oozitigs (filtrution) from the blood-vessels, wIiobc t|uiilitica »ra 

determined by those of the Uquor sanguinis, while the <|iiaiititicj) are liable 

to Turlution, and are chiefly dependent upon the blood-pressare. 

{b) Diffusion U Die paMWge of Uuids through a moict animal mem- 
brane independent of pressure, and somctimw nctnally in opposition to 
B^. There must always )« in this prorePA two fluids differing in composi- 
^^tion, one or both possessing an aflinity for the intcn-cning membrane, 
and the fluida capable of l>eiug mixed one with the other; the tjemotio 
current continuing in each directinu (when both fluids have an affinity 
for the membrane) until the chemical compofiilion of the fluid on each 
side of the septum becomes the same. 

2. Chemical pronsf eg. — These constitute the process of «crp/io« prop- 
erly BO called as diKtinguiithod from mere transudation spoken of above. 
In the chsmieal proccw of secretioH various materiiLls which do not exist 
as Bncb in the blood are elaborated by the agency of the gland-cells from 
the hlood, or. to spcuk more accurotely, from the pfaitma which exudes 
fmm the blood-vcesols into the intcrstjoee of the gland^textures. 

The Iwst evideufv for this view is: 1>^ That cells and nuclei are con- 
stituents of all ghuids, however diverse their outer forms and other char- 
ters, and are in all glandB placed on the snrface or in the carity whence 
the secretion is poured, 'ind. That many secretions which are nsihio 
with the microscope may be seen in the cells of their gltinda before they 
are discharged. Thiu, bile may be often discerned by its yellow tinge in 
the gland-cells of tho liver; spormatozoids in the cells of the tnbnlea of 
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the testicles; granulea of uric Jieid in those of the kidncye (of fish); ftltjr 
paniclea, like tlioso of milk, in the cells of the muniniary glaitd. 

Secreting cells, like the colla or other etemrtita of uriy other argsn, 
apjwar to dovelo]). grow, ami uttnin their individuiil perfection bv appro- 
priutiiig imtrimeiil frnm the Uuid exudeii hy ailjuceni b!cKiiJ-veH»eLi and 
elaborating it, bo thnt it shaU form pnrt of their own gubetance. lo tliis 
perfected stuto, tlie cella subsist for some brief time, «nd when that 
period is ovor ihey appoiir to dissolve, wholly or in part, anil yield tlicir 
contents to the pc-culiMr ninterial of the secretion. Am] this appears to bo 
the cofle in every part oi the glund tbut contaiDB the uppropriutc gUnd- 
cells; therefore iioi in the e.^treitiities i>f the dnct^ or in the acini alone, 
but in great part of their length. 

We hftve described eUewhere the changes which bare been noticed i 
from ftctiiul ex|)eriment In the celU of the salivju-y glands, pancreas. »iiA\ 
peptic gluud (jip. "^30, ti5y. a<J5}. 

Discharge of Secretions from glanda may either take place as wooj 
as they art) fcjrmed: or the secretion may bo long retained within ihei 
gland or its dncts. The former is the case with the sweat glands. But 
the secretions of those jflanda whose activity of function is only oeai-j 
nonal arc it>inally retained in tha cells iii an nndcvelopod form daring thaj 
periods of the gland's inaction. And there are glunda which are Ukl 
both tlicHU cliuiftc)^, ti\ic\\ an the hichrynml, wliicli eon&tantly secrete eavSi 
portions of fluid, and on occasions of greater excitement discharge it morB| 
abundantly. 

Wlien discharged iirfo the ducts, the fnrther course of secretions is, 
affected iwrtly by the pressure from behind ; the freiih quantitiea of eecr 
tion propelling those that were formed before. In the larger ducts, it 
propulsion is asaJBted by the contraction of their walls. All the large 
ducts, such as the iirtHorand common bile-duct, possess in their coat 
plain muscular filu'es: tlioy contract when irritated, and somotimefimani-l 
fest ])cristaltio movements. Ulivtlimic ecmtiactioni> iu the pancreatic and 
bile-ducte have been obeerved. and also in the itroters and rasa deferentta. 
It is probable that the contnictile power extends along the ducta to a con-j 
lidorablc diataneo within the substance of the glands whose secretioiK 
can be rnpiilly expelled. iSalivn and milk, for instance, are sometime 
ejeoted with much force; doubtloss hy the energetic and aimnltaneoc 
contraction of many of the ducts of their respective glands. 

Circumstances Influencing Secretion. — Amongst the principal 
conditions which inHuence secretion &iv (1) vnriations in the qnantitT of, 
blood, (2) in the quantity of the peculiar materials for any ttecretion tiuttl 
it may contain, and (3) in conditions of the nerves of the glands. 

(1.) An hirrrtixfl in ihf ijuajiiiti/ of Ifloucf irfwerstur/ a glandf as in 
nearly all the instances before rjnotod, coincides generally with an ftitril 
jHontation ot its secretion. Thua, t,he mucous membrane of the atowadl i 
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"becomes floriil wlicn, on tho intmduetion t\i food, its plandu bejfin to 
aeuretc: the inamniarv Klmid btcome* much more TascuUir (iuring lacta- 
tion; and nil circumstancM whlcli give rise to an incn-usc in the qiinnticy 
«f material SBcroted by «n oi-j,'aii produce, coincidently, an inereased sup- 
ply uf blood; but we Iiiito seen tliut a discharge of »iliva tnity of-ciir under 
eiinu>rdiiuuy circunistuncrii, nitliout iiirreiific of blocHl-supply (p. 333), 
and so it may bu itifvrrud tbal this <.-oii(]LtiQU of iucrcaaed blood-supply 
is not ubdotutcly essential. 

{'i. ) Wheu the blood contaiiu more than usual of ttie ointeri'il') which 
the glands are designed to wparate or elatiorate. Thus, wlum an oxeees 
of nitrogenous wasto is in iho blood, whether from excessive esercise, or 
from destnirtion of ono kidney, a healthy kidney vcill excrete more tirca 
tfaui it did before. 

(3.) Irtfiurnev' uf thf XerrovJi Syxieni on Serretioit. — The ])roccss of 
secretion is largely influenced by the condition of the nurvoua system. 
The vxuct ni(Mlu in which the icitluence iKexhibiteil must ytill b« regarded 
u somewhat obscure. In part, it exerts its iiiHueuco by increasing or 
diminishing the qiiantiiv of lili>o<l supplied to the secreting gland, in vir- 
tue of tlie power which it exercises over the contractility of the smaller 
blood-vessels: while if also has a more direct influence, as was demon- 
Btnted nt Irngth in tlio i-^i% of the submaxillary gland, upon the secreting 
ooUs tbomeelTos; this may bo called ^ro/jAi"c influence. Its influence over 
Bocretion. as well as over otln-r fiimitions of the body, may be excited by 

» causes acting dinMitly upon the nervous centres, upon the nerves going 
to the secreting organ, or upon the nerves of other part«. In the latter 
raae, a reflex action is produced; thus tbc impression produced njtou the 
aerroua centreit by the contact of food in the mouth, is rcflecle<l upon 
the nerves supplying the salivary glandit, and produces, through these, a 
more ahundnnt itecretion of «ilivn (p. 'iZ'l). 

Through the norres, varioiii) rumlitions of the brain also inSuence the 

aecretiuns; Thug, the thought of food may be sufficient to excite an 

^m abundant flow of sulivn. And. probably, it is the mental stale which ex- 

^■cite« the abundant secretion of urine in hysterical |»iroxysni(i. vm well as 

^|the [K'rspirationsand.occAAionally. diarrh<i-H, which ensue under the infln- 

" mce of terror, and the tears excitwl by sorrow or excess of joy. The qnal- 

ftyof a secretion may aUo he affected hy the mind: as in the ciiM« in which, 

through grief or passion, the sccrcrion of milk is alterwl, and is sometimes 

Eo changed us to produce irritation in the alimentary canal of the child, 

or even death (Carpenter). 

Relations between the Secretions. —The eocretiona of some of 

the glands seeoi to bear a certain relation or antagonism to each other, 

by which an incntased activity of one is usually followed by dimiuished 

activity of one or more of the othere; and a deranged condition of one is 

,to entail a ditiordered state in the others. Snch relation* appear t« 
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exut flmon^ tlio various mn(x>us meinbmnBe; and ttie cIom> reUliott l«- 
twoen the »M;retion of iho kidneji' and tbat of the skin is & gabjeci of con- 
slant obsorratioiL 



The Mammary Glands akd their SErBETioy:— Mruc. 

Structure. — Tlie mammftrr gland* are corapoBwI of Urp> diviirions or 
lolx's, and these arc again dirtsible into lobulea. — tbe lubtiles being coo- 
pused of tbo eonroluted eitbtlivjsion of ducts (uln-oH). The lohm aad 
lubiiles are bound together by areolar tissue: penetrating betveea Uw 
lobes, and ooveriug the ^neraJ surface of the gland, with the exoeptioo 
of the nipple, in » conctidemble quantitv of yellow fat, itaelf lobulated hj 




Tta. esi.— DKPMx-tKw «t the imn-r half nf the tmoaim wmwhim 4iiriHic Ui* period of iMUHak. 
K— In <li<^ l<-ft-hB»i1 ■>■■)•■ !•( lilt- •li-OHS.-iol [uirt Ills ■laDduui' lobna ore- expoanl ami punlaltjr Dorar*! 
«M: awl on tif ni.-hl'hanil rUh; thn K^iuli-'l'i'f iiiilMlnn»' Iw* Ikvd mniivcd to tibOir II^ nOtiHtr 
lootilF lit )Ih- ■'•iiit<n.'ili'i--ti>Arir <ii Milfoil tlii> KLknildlnr Inlniliitai-p fJmvil: 1. upper |iart<if tW m^ il l In 
or nipple: V. nrvolii: 3, KU>H.'utiLnt-u>ui nrnttm ul taC t. rtucular Im-uU (•! Dm (x)iuirctlT*-tlHMf> whicl) 
nppiih llirKla»<tMlArititlp.lAiicii4uidco<il*in tlM.-(sti> itiaMUv;Ikoai.'or Uinv'Ut-llfM-uuKiltKtiidMvo 



ilhutuwanl lUi- in«inllla «bar« thvy ui^vu; a. uin- << Hi* aliin* lapwt or ivm n otni 7. moiat n< at 
(UoiliiUr Inhiilm which liavn bens lUiruTrliil ; T'. ndvra niMnd taf^cUic*'. (LmclilOLi 

Bhenths and proccasca of tongh arcolur tissue (Fig. 221) connected b*jtli| 
with the skin In fnmt iind tlie gliirul beliind; the same bond of connortiou 
extending also from the under HnrfiuHi of the ghind t4> the shi«uthingJ 
oonnectire tissue of the great peutoi-nl miisolo on which it ties. The niiitn 
dnrtR of the glnnil, fifttn-n 1o twenty in nunilK'r, called the lactiferoui, or] 
galnctapharouA ducts, tin' fnnned by the union of the smaller (lobular)' 
ducta, and open by small separate orifices through the nipple. At tbtl 
points of junetion of lobular ductK to form lactiferous ducts, jind jnut Ir"- 
fore tboe© unUT the base of the nipple, the ductaarediUted (ti, Fi;f. ?21);' 
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I ami, daring lactation, the pcrioJ of luitivo secretion by Iho gland, the 

litHtations form rowrroirs for the milk, whirh coUtictti in tliem iint] dii»- 

'tends thcro. The wftlls of the glaiid-diicte are foriiiod of areolar unit olas- 

itic vilh some muscuiur tissue, uiid iire liiivd iuteriially by short coluuiuiu* 
hud nvur the uipple by Kqtmmoiitt ciiitholiimi. The alveoli cousiiit uf n 
Bienibramk pro[>riu of f1»ttvn«>tl emlotheliHl l-cIU lined by low columuitr 
Ipitbelium, untl are Riled with f»t globules. 
The nipple, which contains the terminations of the laetifcrons ducts. 
Is compo«ied also of areolar tissue, and contains unstri[H;d muHciilar 
fihit!8. Blooil-vesacla arc also freely supplied to it, so ns to give it a apecies 
of erectile structure Ou its surface are very eenMJtive [lapillie: and 
KniuiuJ it is u fimall itn^a or areoUi of pink or dark-tinted skin, on whicli 
arc to ho Eoen aniull projections formed by minute secrctinj; glands. 

Blo(>r]-vesseU, nen'ev, and lympliutic^ nre plentifully supplied to the 
nammarr glands; the calibre of the blood- %■ esse U, m well m the sire of 
the glands, varying rer)* f^'eatly under certain conditions, experially those 
of prcpnancy iiitd liietation. 

Chaoses in the Glands at certain Periods.— The minute 
ehangefl which occttr in the mammary gland during its periods of evolu- 



n^ Mi.— BeetloaormammmTirlnnrinf mbMtiirttr ib«>«i4lof rarciaiKT.riiiriflacalzMAiL ^. 
«aKbrU«Ie»U*or«pul)rt>Mlr«i>.ir iibijrl Loliiitinai feimi, *llli whku uir actoJ w {Ncked. x tn. 



^_0BlwacM.< 

Htion (tin 



ion (preffnaucy), and Involution (when lactation hue ceased), are the fol- 
lowing: — 

The most faTorable period for obsenrinjr the epithelinm of the mam- 
mar7 gland fully devr loped in eliurtly before the end of pregnancy. At 
this period the acini which form the lobules of the gland, are fonnd to 
be lined with a mosaic of iwlvhedml epithelial celk (Fig. 233), and sup- 
porte<l by a eonnectlre tiesut- (ttrfmia. 

The rapid formation of milk dnring factaiion reeulta from a fatty 
metamorphoMS of the epithelial eelU: "The neoretion may be Raid to In* 

Inced by a transformation of the substance of succosBirc generations 
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^ot epithelial cells, and in the st»te of full avtiTity this transfonnutifin u 
complete that it ina}' be cullud a dcliqucsccnoo" (Croighton). 
In the earlier days of lautution, tppithelial cells partially Iran -' : T' 
lire dis'jliarged in the iwcretiun: tUvsv tire termed "txil'^truni con > 
btit Utfron the cells are completely transformed Wfore tho 8ecn.>tiunu 

After thf end af Inciniion, the mamma gradually returns to itJi original 
sixe {inrofiiiionj. The aoiiii, in tlio early stages of involution, arc liwd 
with cells in all degrees of vacnolation (Fig. 823). As involution procwdi 
the acini diminish considerably in size, and at length, inetend of a mcnio 
of lining e^pithrlial cells (twenty tn thirty in eaeii acinus), we hare fiTeorfii 
nuclei { some with uo surrounding protuplasmj lying in on irregukr li«^ 



Pin. Z3I.— Sn^llon of mBmiaitry Klanil of iiwo ■horlljr n(t<^ thct-nd of buUtioo. idMWinf: parti t( • 
tmir ntliii. wt)icU goiiuiln nuint-rciiV' cpli)ii>llnJ wUa undi-iitolDK \'&uik>I»lUid ih **iv; Utjy *i^ deadr 
mrtDb]e;D>uagfal-«FUji.aiii]ftrt>iii fact Jun liko "tMobtnunoorpuBcloi.'' X MX). (Cavi^^ml 

within the acinus. DuririR the hiter stages of involntion, large yelloiF- 
gmnnliir wll.>* are to bo seen. As the acini diminish in sizi', the cnn- 
nectiYe tissue and fatty matter between them inerenee. and in aonio aiii- 
male, when the gland is completely inactive, it ia found to conust of a 
thin film of glandular tisi^iie overlying a thick cushion of fat. Uany ol 
the products of waet* are carried off by the lymphatics. 

During prfpuinnj the mammary glands undergo ohangea {fv<Autioft\ 
which are readily observable. They enlarge, become harder and morft^ 
diatinctly lohnlated: the veins on the surface become more prominent. 
The areola becomes enlarged and dusky, with projecting papillie; the 
nipple too becomes more prominent, and milk can be squeezed from tho — 
orifices of the duct«. This is a very gradual process, which commonccsa 
about the time of conception, and jirogresses steadily during the wfaoto 
perioti of gestation. The acini enlarge, and a series of changes occur, 
exactly the reverse of thoie Just described under the Lead of 
tlon. 
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The Mamvary Secrbtiox: — Mruc. 

Under Uw microeco]>e, milk is found m contain » nntnlwr of globules 

,|fnjwDa rine (Fig. iii), the raajohtT nhoiit jiUf of nn inch in dinm- 

TbcT are oomposed of oily matter, probubly coatvU bv a Que la,v«r 

'tfillianiinoits material, and uro called mi(k-ylol/ulex; wliilv. »cvoRi{uiiiy* 

tiij ihtwr, are ii\iniero»s minute |»articlen, both oily liuU ulbumimrtw, 

fUch »xhibit ortlinaiT molecular moTcments. Tho milk which is 

in the first few days after parturition, ami which ia ndird tbn 

/ritw, differs rmm nnliuary milk in rontdiiiiiig a Inrger (|Utintity of 

■Dlif matter; and ttndcr the microscope are to be seen certain gnuitdar 
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called roiosirnm-r^rpftfrtcf. Thew, whirh api^ftr to be small 
naBna of albaminouD and oily matter, are probably HHrrottng oclts of t)io 
gland, either in a state of fatty dogcnpration, or old cells which In their 
atlvnipt at Becretion under the new circiimstancca of active need of milk. 
arr filled with oily matter; whi(^h, however, Iwing unable to (tiecbarge, 
tber are themselres shed bodily to make room for tlieir suooeMora. O0I06- 
truiu-vorpuscU'B have been seen to exhibit contractile movements and 
to kqueeze out drops of oil from their interior (Strieker). 

Chemical Composition. — Milk U in reality an emulsion consistuig 
of numberless little globuleo of fut. coated with a thtu layer of atbumi- 
nons matter, ftonting in a large quantity of water which contains in solu- 
tion casein, gerum-nlbumin, milk<5ug»r (liu-ttutc). and ReTornl salts. Ita 
iwrcentage conipogition has been already mentioned, but may be hero 
repeated. Its reaction is alkaline: its speeitio gravity about 1030. 
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Tablb op the Chemical Comfositioxt of Uile. 



Water 
Solids 



ProteidB, including Casein and 

Serum-Albumin . 
Fats or Butter . . . . 
Sugar (with extractives) . 
Salts 



Human. 


Cowi. 


890 


. 868 


110 


. 142 


1000 


1000 


35 


. C8 


25 


. 38 


48 


. 30 


a 


6 



110 142 



When milk is allowed to stand, the fat globules, being the lighteet 
portion, rise to the top, forming cremn. If a little acetic acid be added 
to a drop of milk under the microscope, the albuminous film coating the 
oil drops is dissolved, and they run together into larger drops. The same 
result is produced by the process of churning, the effect of which is to 
break up the albuminous coating of the oil drops: they thea coalesce to 
form btitter. 

Curdling: of Milk. — If milk be allowed to stand for some time, its 
reaction becomes acid: in popular language it "turns sour." This change 
appears to be due to the eonverpion of the milk-sugar into lactic acid, 
which causes the precipitation of the casein (curdling): the curd con- 
tains the fat globules: the remaining fluid (whey) consists of water hold- 
ing in solution albumin, milk-sugar and certain salts. The same effect 
is produced in the manufacture of cheese, which is really casein coagu- 
lated by the agency of rennet (p. 248). When milk is boiled, a scum of 
serum-albumin forms on the surface. 

Curdling^ Ferments. — The effect of the ferments of the gastric, pan- 
creatic, and intestinal juices in curdling milk {curdling ferments) has 
already been mentioned in the Chapter on Digestion. 

The salts of milk are chlorides, sulphates, phosphates, and carbonates 
of potassium, sodium, calcium. 
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stratum Malpighii aJ^ almost all connecteil by processes, and IfauB tvnn 
"pricklo cells" (p. ai>. The pigment of the skin, the varj'ing quanlitv 
of wliioh cuUAes the vuriouft tirit« observed in diflerent indiriduals und 
different races, is conttiined in tlio deeper cells of the rete mucoaum; lite 
jiigmenteil (;ella as they apprnach the free surface gradually losing their 
color. Epiilcrmts maiiitaiuit iU thicknese in ajtite of the constant wear 
and tear to which it is subjected. The columnar cells of the det-pesi 
layer oX the "rvUi mucosum" elongat«, and their uuciei divide into iva 



& 



^75r< a 









J- 



<£i 



m 



o: 



r.-ia- 



Pin. BHli— V^-rtlMU section rj tbi? cjildnmU (vf the pivnniv. a, KtrAttim wwnrjjni. Of trty ftrw 
]B.>i-n>. the nlmltiiii lun'iiliiiii anii ■traliiiii icntiiiilimiiii nor >»-Iiix illHlliiolly n-iiirwiilnl ; h. r. it. M>l '. 
tlu- lii>Tm Elf tlir ikirn-tiim SIidFilfrMi. s certain nvitnhrr nt the »-ll* lii U^^n (I luwl r (JhiwIiw ticn* "f 
nftcuipiituti'ji): liiwr e ciiii-liiix i-hl<>ily of |irlckli> ar rUttv atiil furrow wUai /. tMun'Otvot itit-mbruv; 
p, eriU In i-iilW vi^n. iCb<I1«I,I 

Kill. lEH Vi-nlc-nl MM-iInn nf likln i)( the ni>Kro. o. tt Ctilajiwu* npIUK h. t*iul«mKwt m>iI 
■larb foloi-iil lAyirr at cjIiIohk vertiiMl eiildermb-cellH. i: 8tr»liim M«ltilehH. d Huprrnrlal l»tm, 
liKlU'.llriK RiraUHii •iinu'iini. >irni.tiim Uiclilum, nnd Hlraium trriuiulMUiEi, lh« lun l*« nut dUHr'n- 
Uatnl In n^urr. x JBU. (Hbikrpey.) 

(Fig. 335, e). Ijwtly the npper jmrt of the cell divides from tho lower; 
thus from a long colnmnar c>ell arc produced a polyhedral and s short 
columnar cell: the latter elongatea and the procesa is repeated. The 
palyhednil i-cIIk thuK forirKul are pushed up tDwiinl tlie free surface by the 
production of fresh ones beneath them, and bect>ine flattened fi-om prw- 
»ure: they also become gradually horny by evaj>oiation and transforma- 
tion of their protoplnam into keratin, till at hwl W rubbing they are 
detached a.* dry hn.rny scalps at the free mirfaee. There is thus a con- 
Btant production of fresh colls in tho deeper layers, nnd a constant throw* 
iiig off of old ones from the free surface. When these two prooenaeA ai* 
accurately balanced, the epidermis maintaina ita thickneae. When, by 
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intermiltout prcssura, h more active ccll-growtli is stiniulatod, the prodno* 
tion of evils exceedi* their waste and the upiilerjnis increases in tbickDetti 
ss ve se« in the tiuriiy Imiidd uf tIiL> tuLiurur. 

Th« thicknesfl of the epiilermiA on .OifForent portions of the skin is 
4lirei-t]y proportioned to the friction, pressure, and other sources of injurjr 
to vhich it is e]E]K><K!(l: for it serves as well to protect the sensitive and 
TiiBCiilur cutifl from injury from without, as to limit the ovapomtion of 
fluid from the blood-vessels. The ndaptutlou of tlic epidermis to the 
latter purposes may bu wvll nhovru by oxpositig to the air two dead bands 
or fuel, of whifili one has iis epidermis jwrfect, and the other is deprived 
of it; in u day, the skin of the latter will become brown, iiry, and horn- 
like, while tliat of the former wjH almost retain its natiiral moisture. 

Cutis vera. — The tu>rium or tm/w, which rosta^ipon a layer of ndi- 
poae und r-olliilar tiajuo of var}'ing thickue^f is a denso and tough, hut 
yielding and highly elastic structure, eompoeed of faacivuli of fibro- 
cellular tissue, interwoven in all directions, and forming, by their intf-r- 
hiccracnts, numerous spftcea or luvolee. 'I'licse oreolie are large in tho 
^B dcoper layers uf the cutis, und are there usually filled with little muMes 
^L «( ^t {Fig. 3V8): but, in the ettperficiid jmrts, they are small or entirely 
^V'^ilUitC'rated. Plain muscular libre is aUo uhunJantlj present. 
^M Papillz.— The papilljp arc conical elevntlons of the cutis vera, with a 
^* ainglo or dividt'd fivo extremity, more prominent and more.deu«'ly set at 
aome parts than at others (Figs. 227 and 2.%). Tho parts on which they 
are most abundant and most prominent, are the palmar surface of the 
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■^dpauml pa|iil\« f mm r)i«> pdm of ihv h«n>J: a. hMteof » papilla: ^. tk dhrkkiiM or 
tanae; c, e. hnuM'bM letiinsfii^c lo pMplllv. nf nrliK'h Uir )iun arr hidilcti tma lisir. 



hands and fingers, and tho soles of the feetr— parts, therefore, in which 
the aeuse of touch is most acute. On these porta thoy are disposed in 
double row9, in parallel curved lines, sopara'ted from each other by 
deprcMiions. Thus thyy may be seen easily on the palm, whereon each 
niiaod lino U composed of a double row of papillse, and is intersected by 
short transverse lines or furrows corresponding with the interspacea 
botwocn the successive pairs of papilliR Over other parts of the skin 
they are more or loss thinly scattered, and are scarcely elevnted above the 
surface. Their average length ta about y^ of an inch, ami at their base 
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they m«asur« about y^ of an {nch in diameter. Each papilla is aJbun- 
daatly euppliwi with lilowl, receirinjf from the Tasculw pltxns in ilie 
cutis one or more miniiw> arterial twigs, which divide into capillary Ickii* 
in its snhetancc, and then reunite into a minute vein, wliich passes out tt 
ita baac The abundant aupply of blood which the papillie thus rocvivo 
oxplaios the turgesccncc or kind of erection which ther undergo when 
the ciruulatiou IbruugU the skin is active. The majority, but not all. of 




Fin. Stt.— VarUoal iwrtlon of akin. A- S^ba^votw gUutA oponlnc Into hair-fAnkte. U Ki]»cul«r 
flbTM. a eiidorltanuiioi-Bwi-at i-Luiil. D. BubcuUiaMkuc fat. K. FuodUiofliAir-falUciF. wiUihaJr- 
fpflhfc (Rbtoaikl N'olilc Kmltli i 



the papillie contain also cnc or more terminul nerro-fihree, from tb 
ultimate ntmihcationB of the cataijeous plexus, ou which their exquisite' 
senfiibilitr depend*. 

Nerve-terminations. — In some parts, especially those in which tl 
sense of touch is highly developed, as, for example, the palm of the haiid 
and the lips, the norre-fibres appear totormiiinte, in miiny of the papiUa!,, 
hy one or nuire free pride in the HuljstaTiccof an nval-nhiiiwd body, oocnp, 
ing the principal part of the intorior of the papiltte, and termed a touch 
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corpu^U O^'ig- 229). The nature of this body is obecnre. Some regard it 
little else than a moss of librous or connective tissae, surrounded by 
^olAstic fibres, and formed, occoriliiig tu Huxley^ by an iucreosed develop- 
ment of the primitive ebeiitha of the norvo-tibrcs, entering ihe papillie. 
Others, however, believe tliat, iostead. of thus consisting of a homogeneous 
nuMB of oonnet-tivs tiusue, they are special and peculiar bodies of lami- 
nated structure, directly coucomod in the sense of tuuch. They do not 
occur in all the papillie of the i>iin« where they are found, and, as a rule, 
io the pupillie in wtuch they are present there are noblood-veiwels. Siuoe 



n*. Ml.— tuObr fratn th« wkln of Um- hKnd, framl from th« mUelv mod cxUUtlu (acllk eor- 
pi eln . A. Bhnplr pMfrillkwHhfuiiriwrre^nbtM: II. Ui.-tib!ain)und(a:6.ni*-r(«. ». Pirtlhl touted 
•rUh MMto mM: a. ct>ni««I htpir vlth celbi wmI But vlwrtlc aUmnts: i>. ueUl* c on w a ch wltfe tomm- 
vwrwBMoM: e,«ai«r1iwii«rvp«nta &Hirfleum* or prrlsMnliini: <t. nprre-nhni* wltidlBC reund Ibe 
MirpuMle. c. PBptlla*fe<n<tlfroin«)m>«iio w toK{ipc«ra«icraMH»cttnn: a. coftlCKl Ivrr; ft.ncrv*- 



these peculiar bodies in which the nerve-fibres end are only met with in 
the papilltt M highly nensitive parts, it may be inferred that they are 
specially concemetl in the st-nsc of touch, yet their absence from the 
papi11» of other tactile parta almva that they arc not esaentiol to this 
senae. 

Cloaelyallicd in structure to the touch-n>rpnsc)(«, are some Httle bodies 
called end'buibt,, about ^ |g inch in diameter (Krauso). They arc gener- 
ally oval or spheroidal, and composed uilenially of a coat of connective 
tissue enclosing a softer matter, in wliith the extremity of a nent* termi- 
nate*. These bodies have been found chiefly in the Ups. tongue, palate, 
Hftnd the skin of the gliin^ |>enis <Pig. 230), 

H^ Glands of the Skin. — The slcin posnesaefi glands of tvo kinds; (a) 

^feudnrifemns, or Swoat Glands; {h) Sebaceous GUnda. 

^ {a) Surfori/eroua, or Suvat Glands. — Each of these glands oonsista of a 

small lobnUr mafs, formed of a coil of tubular gland-duct, surrounded 

by blood-vessels and embedded in the subcutaneous adipose tissue (Fig. 

[^328, <'.). From this niasB, the duct ascends, for a short distance, in a 

^intl manner through the deeper part of the cutis, then passing straigUt, 

Vol.. i.-aa. 
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and then Bomotimes again becoming flpiral, it pasws through the cuticle 
and opens bj- an oblique volve-like ftportiiro. In the part* where the epi* 
(lermia is tliin the ducts themselves arc tliinuer and more neurlj straight 
in th«ir courao (Fig. 228). I'he duct, wliicb maintains nearly the same 
jliometor throughout, is bncd with a layer of columnar epithelium (Fig. 



Tia. m.— Kmt-bulli* tn papdliv fmftfftiinHl^ troalMl with nnwUc «dd. a, Frotn the Up>: Uw wlilh- 
lnopaiiioiteorthHDftr«ca|>Uuui». d. from tlie toncue. Two cAd-buIbs swoUittaPisldaior tlw 
■Isildv papUto: a. a, tMTTW. iXOUnsvr.) 

S31) continnoas with the epidermis: vhilc the ]mrt which i»is&e$ through 
the epidermis is compowd of the latter structure only; the cells which 
immeiiinti'ly form tlio boundiiry of the canal in this part being somewhat 
tlilleroiitly arranged from those of the adjawnt cuticle. 



Flo tni — niomeruUof Mudorir<TViiuiclaiKt.iUndi>d larariotgiidlivaUaBS. B.MlMUiOf OMRliad; 
A, ooluiantrepltlicHaillnlufrur u'iuk) lu'w: c Itimt^K of iiitw; rj. iliritM Uood-vwwl' ■* l oow i c o u 
nectlrr-tliMgr, larnilas a capaulp to Utiy gliuui. lIUvelaitcckL) 



The sndoriferouB glands are abiiiulantly distributed over the whole snr^ 
face of the body; bnt are especially numerous, as well as very large, in 
the skin of the imlm of the hand, and of the uole of the foot. The glands 
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by whiuh the {leculiur oiluroae mattur of the oxilliB ie 8ccret«d form m 
' Dearly oompleto layer under the cutis, und ore like the ordinar>' sudori/er- 
oua glands, except in beiii^ lurgur aiid Imviug wry t»hurt ducts. 

The peculiar bitter yellow sulwUiiice secreted by tlie skin of the ext^r- 
Etml Auditory pasBage i« named ctrumen, and the gloiida themaetrca ctru' 
Mi'«OMj» glands; but they do not much differ in structure from the ordi- 
nary aiidoriferous gltm-ls. 

{b) SebaceouH Otandn. — The sebai^ftons glands (Fi^. H'i'l), like the sudo- 
riferous glands, ore abundantly diBtributed over mo6t parU of the body. 
They are moet uumerous in \)&tU largely HU)>|tlied with hair, as the scalp 



Pm m — Scbai.-viMu (land rrum liiuitAu tkitt. (Klulu maA Koblti SnFtb.) 

and faoe, and are thickly distribnted ahont the entmnoes of the rarioui 
paaeages into the body, as the anus, noac, liiK. and oxtprnul ear. They 
are entirely ulwent from the jtalmar Kurfaco of the hand and the ptnntjir 
.mrfaoM of the feet. They arc minutely lobnlaiod glands composed of an 
aggregate of small tubce orBoocaU filled with opaque white substances. 
like soft ointment. .Minute capillary resBels orerspread them; and their 
ducta open either on the surface of the skin, cloee to n hair, or, whieh is 
more usnal, directly into the foHicIo of the hair. In the latter case, there 
are gonernlly two or more glands to each hair (Fig. 22Ji). 

Hair. — A hair is produced by a peculiar growth imd modifloation of 
the ppiilemiis. Kxt«mally it is covered by a layer of 6nc scales closely 
imbricated, or orerlappiug like the tilaa of a house, but with the free 
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•dfH tnnied opwmrd (Fig. 233, a). It is cmlled the aUitk of tbe Iwr. 
Beneath tJm ii a much thidcer layer of elongated hornj ceUe, cknel; 
packed together so m to recemble a fibrooi itmctore. Thii, racy oen- 
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rta-M.— 0vfM*c'*vliM«lMk-. iMCBtacdmdIUBrten Ite «n« BoM iMrt Oft 



monly, in the hnman sabject, occapios the vrhole of the inside of the hair; 

but in Bome caaes there is left a small central space filled by a snbetance 

called the medulla or pith, compoaed of small 
collections of irregalarl; shaped cells, contain- 
ing sometimes pigment granules or fat, bat 
mostly air. 

The follicle, in which the root of each hair 
jf.^^B^^,* is contained (Fig. 235), forms a tubular de- 

pression from the snrface of the skin,— descend- 
ing into the subcatancons fat, generally to a 
greater depth than the sadoriferoiis glands, and 
at its deepest port enlarging in a bulbous fonn, 
and often curving front its provisos rectilinear 
coiirw. It is lined throughout by cells of epi- 
thelium, continuous with l\vmi of the epider- 
mis, and its walls are formed of pellucid mem- 
brane, which commonly, iu tbe follicles of the 
largest baire, has the stmcture of vascular 
fibrous tissue. At the bottom of the follicle is 
a small papilla, or projection of true akin, and 
it is by the production and ont-growth of epi- 
dermal cells from the surface of this papilla 
that tlie hair is formed. The inner wnll of the 
follicle is lined by epidermal cells continuous 
with those covering the general surface of the 
skin; as if indeed the follicle hod hcon formed 
by a simple thmstiug in of the surface of tlie 
integument (Fig. 234). This epidermal lining 
of the hair follicle, or root-theftfh of the hair, 
is com|)osed of two layers, the inner one of 
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Flo. 3U. -MwlJuni -sized hnlrlDlU 
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which w so moulded on the imbricated tcaXy cuticls of the hair, that 
its inner Burfiice becomes imbricated also, but of course in the oppoaite 
direction. UTien a hair is pulU:^1 out, the inner liiyor of the root'sbeath 
and part of the oiittr Uyer nlBo arc commonly pulltul out with it. 

Nails. — A lUtU. liken hiir, is a pecuHur arrangemont of epidermal 
cells, the niidormortt of wliitli, liko those of tlie gcnend aurface of the 
integunienL, are rounded or elougut«d, while the superficial an flattened* 



FM. sia 



Pio-ias. 



»Vta. nSt— HonilfWiil ii4»ir of thf> mnt nf >hatF- m,ttmBCrAMtl of tuUr rnii acran; b>, ImHT.and 
c^outtvUy«rof tbF«vl<t»?niiALIiiiitiKt't thL-liairfAlUdr, called alAo the tniH-r miil niiivr nut^lMith; 
(I,dHinalor«xi«nMlamt nf ilii> lHur-f<>lll>'I». xln^wu tniMni v,liiil>rt<-ui») <tfiiU-< ■hout to form aonr. 
ikal kyar oa Uw nrtK* of Um hair. Tli*' adjtwn aiUigte af the rotJt-«irf»tii i» kw ntgm a iMLaaa 
ihm Bum* to taiddHi tn Um knnr part of Uw knob <rh«>t* ilMt t* itpi x MHM«l Ughtor. I KohlnualiO 

rm. WK.—Tnmr»ni\ mcUm o(a balr and hali^rolttcle ntad^ bcbnr the openiogal Um metmmim 
gbmd. 1. mBdnlla er jUh at tha hair: b, abttnai iBjriir or lurua: r. ruUvIr; d, TTiutkT'B la;rr. >, 
Ht-ikIr'iiUr«rof IMerDalnvit-flliMUi-./aadii. torrn of fTMnul nrnt-MtiMih. ouwd^of g W * llitM 
Ujrr. (IT " gl«Hj romnbcane." which uraul^alinit to Uw tM»mimt mBmbraiir; h. OXwuum wmH uTIuklr 
aw; I, vaanlB. (Uadiu.j 
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and of more horny consistence. That specially modified portion of the 
coritim. or true skin, by w)iii'-h the null is s^ereteil. is i-nllcd the matriz. 

The ba<*k edge of the naih or the rtfot at. it is termed, is received into 
aahaUow crescenlic groove in the mtifrfi, while the front part in free and 
projeota beyond the extremity of the digit. The intermediate portion of 
the nail reats by it« broad under-stirface on the front part of the matrix, 
which ia hen* mllod the hed of the nail. This part of tht* mulrii is not 
uniformly omrmth on the surfaee, but h nused in the form of longitudi- 
nal and nearly parallel ridges or laminie. on which are moulded the epi- 
dermal celU of uiiicli the nail is made np (Fig. 337). 

The growth of the nail, tike that of the hair, or of the epidermis 
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generally, is effected by & roiutant prodnction of celU from beneath and] 
behind, to uike the (ihicci of thueo which are wont or cut away. Iniu-, 
much, however, as the posterior eilge of the nail, from its being lodged ii 
11 groove of the tiktu, cuuuut. grow buckwurU, ua udUitJoiui being made 
it, 8o easily as it can pass in the opposite direction, any growth at it 
hitidtr pitrt pnnhes the whole forward. At the name time freeli (-ellsarol 
uddtd to its under rarfaco, and tbns each portion of the nail becomMj 
gradually thicker aa it tnoves to the front, notit, projecting beyond the 
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JUL 40.f— T«rtlc«l Intmvrw wctton tlirouitfi «Hit«ll (Kirtlcm of the nnll ami matrix 
nttUtU. A. oodum of Uu- luUt-b^. rnlanl Inbi riAgnt or Umliue a, fltW« i" ixiwr^-u com 
iQwlUBUM* vTof tte nail B. UaliifKhlan, moA C, liumj kjwr of ull; ri, <M«|Ma tul wrtlcml i 
umkC tUttxaeA cdU of UjdplglilAu Ikyvr. vKiUikvr.i 

gnrfacc of the matrix, it can receive no fresh addition from beneath, ai 
is simply moved forward by the growth at its root, u> bo at lost w« 
away or cut off. 



FpNCTrtxs OP TUE Skih. 

(I.) By means or its toughneas, flexibility and elasticil^, the skin 
eminently qualified to serve as the genemi integument of the body, fd 
defeiuling the Intcmul parts front external violence, and readily yielding 
and adapting itself to their vurioiis movements and changes of poeitton. 

(2.) The skin is the chief ot^an of the trense of teuch. Its whole sat 
face is extremely s(;ij»itiv(«; but iU Incfile i)ropcrtio8 are due more 
ciolly to the abimdaut papillw with which it. is stndded. (See CI 
on Special Senses.) 

Although destined cspoeially for the sense of touch, the papflUei 
not BO placeil as to come into direct contact with external objects: 
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like til? re«t of tli« surfaco of tlie skin, are cororcd bj one or more layers 
of epithelinm. forming the cuticle or epidermiL The papilln aitfaore 
Tery intimdtelT to the culiclo, which ia thickest in the spiicta between 
them, but tolenibly level on its oiit«r siirriice: hence, when stripped off 
from the cutis, an utter mac^cmtion, it« internal surface prysenta a series 
nf pits and elevations corresponding to the impitlB and thoir interspaoee, 
uf which it thus formii a kind of mould. Beeides aJIording by its impor- 
m«abtlity u check to untlnc evaporation from the ekin, iiud pruviding the 
sensitiro cutis with a protecting investment, the cuticle is of service in 
relation to the sense of touch. For by tteing thickest in the spaces, bc- 
'een the i»ftpill», and only thinly api-ead over the summit* of these pro- 
ocMes, it may serve to subdivide the sentient surface of the skin into a 
namber of isolated points, each of which is capable of reociTing a distinct 
impression from an external body. Hy covering the [lapillie it renders 
the Boiu&tion produced liyextenml tHxIita mortsohtui^u, and in tliiit nmtiner 
also is mbservient to touch: for unie« the very sensitivo papilla were 
thus defcndfd, the contact of sulwtances would fpve rise t'l pain, insteful 
of the ordinary- impreesiouB of touch. This is shown in the extreme eensi- 
tiTeneM and loss of tactile [lower in a part of the skin when deprives! of 
ita epidermis. If the cuticle is very thick, however, as on the heel, touch 
1>eoome8 imperfect, or is lost. 

(.1.) The Secretion of Sebaceous Glands, and Hair-follicles.— 
The secretion of the Kel^rrtomt glands ami hair-fuUidrit (for their product* 
cannot he svpuratiHl) cnn^ista of caet-off epithelium-cells, with nuclei and 
gnuiutes, together with an oily matter, extnictivc matter, and stearin; 
in certain parts, also, it is mixed with a peculiar odorous principle, which 
contains caproic, butyric, and rutic acids. It is. |>vrhaps. nearly similar 
in composition to the unctuous coating, or rernix caseosa, which is formed 
on the body of the fmtus while in the uterus, and which contains large 
c|Uantitios of ordinary fat. Its pnrpoae seems to tw that of keeping theskin 
moiat and supple, and, by its oily nature, of hoth hindering the evaporft. 
tinn fTx>m the surface, and guanling tlio skin from the effects nf the long- 
continued action of raoistnre. But while it thus serves local pnrpoaee, ita 
removal from the body enlilltts it to be reckortetl among the excretions of 
the skin; though the ^hare it has in the purifying of the blood cannot be 
diicemed. 

(4.) The Excretion of the Skin: the Sweat— The fluid secreted 

by i\io futhriftrous glands is i3.tnally fnrnu'*! «> grndually, that the wat4>ry 
portion of it escapes by evajvnretion as Uw\ aM it reaches the surface. But, 
dtiring strong exorcise, exposure to grcal extcmal warmth, in some dis- 
eases, and when cvai^oration is prcvenU-d. the secretion )>ecomat more 
sensible, and collects on the skin in the form of drops of 6uid. 

The ptrfpirathtt of the skin, us the term is sometimes empioyed in 
physiology, includes all that jxirtion of the secretions and exudations from 
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the ekin which paaBss oil by eraporatioD: the vweal includes that which; 
may b« coltecLed only in drops of fluid on tliu eurfaoo of the Akia. Hm 
two terms are, however, mo$t often used synonymouely; and for distiuc 
tion, the former is called i«jiww(i/<? perspiration; tho luttor wni<iltlf -per- 
spiration. The fluids are the same, except that the sn-eat is commonly 
miiigleil with varidUH mihstancea lying on the fliirfiue of ihe ehin. The 
contents of the sweat are. in part, matters capable of nssaming the fomi 
of vapor. Huch as carbonic acid und wiiler, und in imrt. other niattore 
which are deposited on the skin, (Lud mixed with the tjobucoous secretion. 



Table of (he Chemieal ComposUion of Sweai. 

Water 

Solids:— 

Organic Acids (formic, ncetio, butyric, pro- \ ^ 

pionic, cnproic. caprvlic) . . • f 

Sftlts. chiefly sodium chloride . . . 1 -8 

Neutral fiits and cbolcatorin . . , . •? 

Extractives (including urea), with epithelium 1 -6 
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Of these Bevend substaiHMfl, however, only the carbonic acid and water 
nocil particular coiisiidcnition. 

Watery Vapor. — The r|uantity of watery vapor excreted from the 
skin is on an average b<,>twccn \\ and 2 lb. daily. This subject has been 
oBtimated very curofuUy by Lavoisier and Se<]uin. The latter chemist 
enclosed his body in an air-ttght bag, with a moulh-piece. The h«g 
being closed by a strong band above, and the mouth-piece adjusted and 
gummed to the fikiu around the mouth, he was weighed, and then re- 
mained quiet for several hours, after which time he was agnin weighed. 
The difference in the two weights inilicatcd the ainonnt of ioes by pul- 
monary exhrilfttioii. Having taken otT the air-tight dress, ho was imme- 
diately weighed again, and a foiirtH time after a certain interval. The 
difference between the Iwo weights last ascertained gave the amount of 
the outanooug and pulmonary exhalation together; by subtracting from 
this the lo6B by pulmonarv' exhalntion alone, while he was in the air-tight 
dress, he ascertained the amount of cutaneous transpiration. During » 
state of rest, the arernge loss by cutaneous and pulmonary exhalation in 
a minute, ia eighteen grains, — the minimum eleven grains, the miucimum 
thirty-two grains; and of the eighteen grains, eleven pass off by the akin, 
and seven by the lungs. 

The quantity cf watery vajKir lost by tmnepiration is of course influ- 
enced by all external circumiituuces whicli alTect the exhalation fn>m 
other evaporating surfaces, such as the temperature, the Iiygrometric 
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sUto, and the stUlncu of the atmosphere. But. of the mn&tioiu to 
which it is subject under the iiitiueiioe of these couditions. uo calcululion 
huM been cxactK iiiiide. 

Carbonic Acid. — The quantity of carbonic acid exhaled by the akin 
on an average ii about ^ to j^^ of that ttiruiBhed by fhc pnlnionury 
RspirutioQ. 

The iMUnneoiiH exhalation is moiA nbtinrhmt in Ihe lower clauses of 
BtiinmU, more mrticnliirly llie niike<l Aiiiphibiii, iih fniiw and loadsi, wlioea 
akin id thin and moist, and readily iK-niiits an iiiterrhange of gnwa be- 
twe<*n th<* hlood oircnkting in it und the siin-oHndin>r atmosphere. 
Hinrhoff found tlmt, after the lunifs nt fro^s had been ti«i and cut out, 
about H quarter of a cubic inch of carbonic acid (pw van exhaled by the 
akin in eight hours. And this quantity is very large, when it i« i-emem- 
bered that a fiill-eizcd frog will generate only about half a cubic inch of 
carbonic acid by his Inngg and skin together in i^ix hours. (Milne- 
Bdwardsand Mailer.) 

The imiKirtanoo of the roepiratory function of the »kin, which was 
once thought to Iw proved by the epeedy death of aniniuU who«e ttkine, 
after removal of the liuir. were covered with an impermeable varnisli, has 
been gbowu by further observutious to liave no fouudntiou in fad; Ihe 
immwliate cauKu of death in such caees being the lotssof tem|x.>mti)n\ A 
varuisbed animal in euid to huvv siitTored ito liann when Burruhuded by 
cotton wadding, und to huvt- died whou the wadding w&i remuvt-d. 



Influence of the Nervous System on Excretion.— Any increase 

in the uiuotint of iw^ut secrf^tcd is UMtally iiccoinpanied by dilatation of 
the cutAneoiis veweU. It is, however, ]irobiible that the secretion m like 
the other Becrotione, e.ff., the Balivn, under the direct action of u apeoial 
uerrons apjmratus. in that viLrious nerves contain fibres whicl) act directly 
upon the rcll8 of the sweat glands in the same way that the chertla tym- 
paui contains fibres which set directly upon the salivar}' (<vlle. The nerve 
fibre* which induce sweating may act indt'tHJudently of the vaso-niotor 
fibres, whether va«>-dil«tor or vaso-constrictor. The lo<-aI apparatus is 
tinder control of the central nervous system — sweat centres probably ex- 
isting both in the medulla and spinal cord — and may bo rellexly as well as 
directly excited. This will explain the fact that sweat occurs not only 
when the skin is rtsl, but also when it is pale, and the cntaneous circula- 
tiou languid, as in the sweat which acenrnpanies synoo|i« or faiutiug, or 
which imnicdiati'ly pa-i-edrs itcnth. 

(5.) Absorption by the Skin. — Absorption by the skin has been 
already mentioned, as an instancv in which that process is most actively 
accomplished. Metallic prepanitions rubbed into the skin have the same 
action as when given internally, only in a less degree. Mcr<Miri- a]iplii<d 
in this manner exerts its specific influence npon syphilis, and excites sali- 
vation; polaasio- tartrate of antimony may excite vomiting, or an eruption 
extending over the whole body; and arsenic Duy produce poisonous 
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effects. Vegetable matters, also, if soluble, or already in aolntion, gfre 
rise to their pecaliar effects, as cathartics, narcotics, and the like, when 
mbbed into the ekin. The effect of robbing is probably to convey the 
particles of the matter into the orifices of the glands, whence they are 
more readily itbsorbed than they would be through the epidermis. When 
simply left in contact with the skin, snhBtances, nnless in a fluid state, 
are seldom absorbed. 

It has long been a contested qnestion whether the skin covered with 
tlie epidermis has the power of absorbing water; and it is a point the 
more diftlcnlt to determine because the skin loses water by evaporation. 
But, from the result of many experiments, it may now be regarded as a 
well-ascertained fact that such absorption really occurs. The absorption 
of water by the surface of the body may take place in the lower animals 
very rapidly. Not only frogs, which have a thin skin, but lizards, in 
which the cuticle is thicker than in man, after having lost weight by 
being kept for some time in a dry atmosphere, were found to recover both 
their weight and plumpness very rapidly when immersed in water. When 
merely the tail, posterior extremities, and posterior part of the body of 
the lizard were immersed, the water absorbed was distributed throughout 
the system. And a like absorption through the skin, though to a less 
extent, may take place also in man. 

In severe cases of dysphagia, when not even fluids can be taken into 
the stomach, immersion in a bath of warm water or of milk and water 
may assuage the thirst; and it has been found in such cases that the 
weight of the body is increased by the immersion. Sailors also, when 
destitute of fresh water, find their urgent thirst allayed by soaking their 
clothes in salt water and wearing them in that state; but these effects are 
in part due to the hindrance to the evaporation of water from the skin. 

(6.) Reflation of Temperature.— For an account of this impor- 
tant function of the skin, see Chapter on Animal Heat. 



CHAPTER Xni. 

THE KIDNEYS ASD THE EXCRETION OF CBINE, 

The KidncTs are tvro in nnmber, and &rt) sitnate^l deeply in the Inm- 
bar region of the abdomen, on L'ither eido of the Kpiimt colnmn, behind 
tho peritoneum. They correejmnd in |H)6ition ui llit> hiet tvro rlnrsnl iind 
two npiHT htmlHir vurtebnc; the right lacing slightly lower thuu tho Ivft 
in conEec{ucnco of the position of the liver on the right bide of tho nbdo- 
mciL. They are characteristic iu shape, about 4 inches long. '■.'} indies 
broad, uud I^ inch thick. The weight of each kidney is about 4} oz. 
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l^*. fK— nu) i>r • loosltiidtDKl aMtlOQ Ibraufth ths pol*l»andwlMlanr<-nif ihr HrKi htilrirj. U: 
a, tto florUc*! •ubMaaw: 4^ b. braod part of Om prtvnida ot Malpt^OI: c e. ibe oirMiit* of ibv r^- 
^fa mwul laljiin lililnjin' r*. aoeoSVu»t unupcDol; d, Hunntl of llir |iiTatHl>l>> ••f |ia|itll«>|>r(>- 
IvdlBr >M*> (aljoM: t, «, teettoa of the aamyw put of two pynoM^ dkm- tlw «sD'<.-n>: p. pnrit or 
aaUrfed lUrblanaof UM-urrUr witldalhr kldiu-y; u. Ibe ureter: ■.UwttUiu*: A, Ihi- Iillit* 

Structure of the Kidneys.— Tlie kidney is covered by a mthvr 
tough flbmnn rapsiilc, which is slightly attached by it* inner tmrfaro to 
the proper 8Hb«tunoo of the or;gan by means of very fine fibres of areolar 
ti^snc and minute blood -vessels. From the healthy kidney, therefore, it 
may be eusily torn off without injury to the aubjaoenC cortical portion of 
the organ. At tho ftiltin or notch of the kidney, it tiecomes eoiilinuolia 
with tho oxt«nuU coal of the upper and diluted |>art uf the ureter (I-'ig. 
238). 
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On making a section lengthwise through the kidney (Fig. 238) the 
main part of its substance is seen to be composed of two chief portions, 
called respectively the cortical and the meduUary 'portion, the latter being 
also sometimes called the pyramidal portion, from the fact of its being 
composed of about a dozen conical bundles of urine-tnbe, each bundle 
being called a pyramid. The upper part of the duct of the organ, or the 
ureter, is dilated into what is called the pelvis of the kidney; and this, 
again, after separating into two or three principal divisions, is finally sub- 
divided into still smaller portions, varying in number from about 8 to 1:!, 
or even more, and called calyces. Each of these little calyces or cups, 
which are often arranged in a double row, receives the pointed extremity 
or papilla of apyramid. Sometimes, however, more than one papilla is 
received by a calyx. 

The kidney is a compound tubular gland, and both its cortical ami 
medullary portions are composed essentially of secreting tubes, the tubtili 
uriniferi, which, by one extremity, in the cortical portion, end commonly 
in little saccules containing blood-Ycssels, called Malpighian bodies, and. 
by tho other, open through the papiUce into the pelvis of the kidney, and 
thus discharge the urine wliicli flows through them. 




Fro. SS9.— A. Portion of & secreting tubule from tbi- cortical substAuceof the Udney. b. The epi- 
thelial or gland-cellu. x TOO times. 



In the pyramids the tubes are eliiefly straight — dividing and diverg- 
ing as they ascend through these into tlie cortical portion; while in the 
latter region they spread out more irregularly, and become much branched 
and convoluted. 

Tubuli Uriniferi. — The tubuli uriniferi (Fig. 239) are eomixised of 
a nearly homogencou.s membrane, and are lined internally by epithelium. 
They vary considerably in size in different parts of their course, but are. 
on an average, about ^l. of an inch in diameter, and are found to be 




no. MO.— A DUrnuii of tbe wrliooi of urinirnmu tubes. A. 

Jai a,«nl)ca(MW iMvr BOt conuinlu JiMlptsllUn oofpuadni 

■I WalBltldm canuka; B. Bouadan lajnv: C. PapBlaij part ant Uw bowadair la?*^: ■. ""*■'- 
■un^aum»«<llalMpil«B«>n>u*ele;iCM>ckot cainlr: Lpr^ndaMl eosvotaiMl mtw: L^MU 
tartnie of Bdiaclimra ^ y doacandkis Hnib of Henla'a loop: A. Ibr loO]] rmwr; 7. lUck ;ian of (ba a» 
BWtdlagllTOb; K. Mitral part of annedbu limibi ff; unow Mcaodhw limb la ibp RH^uBair rv: lA 
Ifce hnviilAr UilxiV: II. the li rt iii L ala h ifwwUoa<rf8di»al Mw41 gt i lBl. it Ihp dlatiU muTDlnted tohuln: 
tt, Uw nirrrd c<dl<vuii«c •tibub'; )S,tlw«tradKlil oaMic Ua a tubul* nf tlie ni«>dull«rr ray: [(.Uwcot- 
lecttBC tube o( lh«> bouadao' lavrr: 1ft. tlw larn coUocUnv lube uf Uie jmpsaarj part wliicb. Jctalng 
wllk nmltar tntoa. t<.inn* tbv diKt. iKkin aad NobtoSiBtUi.} 

340," Wl), composed of u hyaline tnembraua propria, thickened by a rnry- 
ing amount of dbrous tissue, and lined h^ flattened nucteat«d c>i>itlielial 
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plate«. This capaule is tba dilated extremitr of the uriniferoui tabule, 
and contains within it a gloinvnilus of coDvulatod capillary btood-Tewela 
Bupportei) by connective tissue, and covered by tlattcned epithelial plat««. 
The glomcnilus Is connected with an efff^ront and an afferent vo^iel. (2} 
The uonstricted nect ot the ctipaule {Mg. 240, i), lined in aBimiULrniun- 
nor, coniiwitfi it with (3) The Proxima/ mnroluteil fiibuli', whirrh forme 
BGveral distiuct curveji oud ia liutid with short columnar ltIIs, which Tury 
Bonieivhat in aize. The tube next posses almost vertiuully dawnwurd, 
forming (4) The Sjtiral iubule, which is of much tho same diameter, and 



T%a. Sit.— Ftmb ■ TMtlcal Mctloo Ifar 



I thr Udnrjrof adoe— UMif^iwafeaf whtrhl»iuii]fuaF4 



iDlobulM: THiifdt of caiwulr: r. onuroJaitral tu6aicnt In rariiMMdiri*>'tlr.iis, ^, irrrxulAr Iiiliulr :({,(, 
■nd/, an MnUidit tulxw runnliiK lotvard vajNute* forming » wbcollnl mulutlarn my; H. cutWdliii 
tube; e, sptral Uifaa; /, iMirow Mrctlon of n tKin l i UB limb, x SBft iKk-iti aiul Noble SBilUt.) 

id lined in tho same way ae the conrolutod portion. So far tho tube has 
been eontuinod in the cortex of the kidney, it now paesee vertically down- 
wanl throu^'lt the most oxtornol port (boundary layer) of the Molpighian 
pyramid into the more internal part (piiinllary laynr), where it curves up 
sharply, forming ultogeiher tin? ( 5 and '",) Ixmp nf HtnU, which is a rery 
narrow tnlio lined with flattened nncleat^-d cells. Pasidng vertically np- 
ward jnst as the tabe n-neht-s tho hoiindory layer (7) it smldonly ?alafgci 
and hccomo8 lined with polyltcdral colli):. (8) About midway in the boun- 
dary layer the tube apiiin iKirniWf!. forming tho tiiTpn/iiNii Mpi'rnt of 
Henlt'n loop, but ia still lined with iwlyliodral cells. At the point when 
the tube ontors tho cortL>x (I)) the uttceuding Uuib nurrowe, but the diome- 
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ter Tari«« considerably; hero anrt thera the cvlU are more ftatteiMxI, but 
Dth in this ai in (8) the cells are in many places verf anguUr, branched. 

^and imbricat«d. It then join* (10) the *'irrrfrnhtr tubule," which has a 
very irregular and angular outline, and is linetl with angalar and inibri- • 
osted cells. The tube next becomes convoluted, (U) forming the rlijttnl 

ftOHtoIuisd tube or intercalaird aedhn of ScfiKeigger-Seidel, which is 

lentical in all rvS)H!cls with the proximal couvulutvd tube (12 and 13). , 
The curved and straight coUectiug tubtw, the former ontenug the latter 
at right angles, and the latter passing \'crtically downward, are lined n'ith . 
polyhedral, or spiiidl^-iihaped, or llalteimd, or angular cells. The straight 
collecting tube now enters the boundary layer (14), and jMisses ou to the 
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m>. ut 



fteM. 



tpbn)*: <^. bliHd-Tiwlii. duilincu)>'>« l>T ill*-'!- lUtt«r fptUMUum: it, ntidet tA tIm iMrcnA. 

_ ...M^IHagnun aliDirbi^ Uw rdAtlon of tlur ll«l|^ilct>lMi hody In Ibr urlnlfrron* diKla wtA 
bleod-TiBllB. a, OM ot Um lilM-h>bulv ArMrlm: s'. kS«nnt arutr | m— ai d IMO *lw ilomenilua: e, 
cuHia of ttw MalpMlui botlr. tDnahir Uw l«nnlMUon of mhJ oontlHUMM with f, uie HrtirifitrtMi 
ta&: r*. (r*. «ffH>tm r«Mria w&Mi MibaUrM* In iIn ptexw ^, niiTDUBaiOc lln liAe, ud fiMlIf Ur- 
BOtBatelnlhe brandi of the rvn&l oito « (an*** Uowhiao). 
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papithtry layer, and. joining with other collecting tnoes, form larger 
tnbea, which finally open at the apoi nf the papilla. Thet^ roUcoting 
tabes are lined with tnini;|Hirent nucleated columnar or cubical wWs (14, 
5» 16). 
Ifaeoellsof the tubiilee with the ezoeption of Henle's loop and all 
liJBts of the collecting tntmlos. arc. as a rala. poaoBsed of the intra-nnclcar 
as well OS of the intra-ccllular network of fibres, of which the rertical rods 
are tnoet conspicuotia {lartti. 

^ lleidenhaiti oI»crv«?d that indigo-snlphatc of sodium, and other pig- 
ments injected into the jogular Toin of an animal, were apparently ex- 
creted by tho cells which possessed these rods, and therefore ooncluded 
.that the pigment passes through the cells, rods, and nucleus themselves. 
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Klein, however, belicres that the pigment passes through the intercellulor 
suhfitAnces, anil not tlinnij^h tlie cells. 

In some places, it is stnted thai a distinct membrane of flattened cells 
can be made uui lining the lumen of the luhes {rtutrftt fibular membrfitte). 

Blood-vessels of Kidneys. — In connection with the general disiri- 
bution of blood-veesels to the kidney, the Malpighian Corpuscles may he 
further coneideretl. They (Fig. 243) are found only in the cortlcul part 
of the kidney, and are confined to the central part, which, however, 
makes up about seven-eighths of the whole cortcj. On a section of the 
organ, some of them are just visible to the nuked eye as minute red |ioints: 
others are too small to be thus seen. Their avorsgc diameter is abonC 
Y^ cf an inch. Euch of them is composed, as wo hare Reen abore, of 
the dilatetl extremity of a urinary tube, or Malpightan eapKule, encloeing 
a tuft of blwHl-vestwlB. 

The reiuiJ artery diTid(3a into seTcra] branches, which, passing in tit 
the hiluB of the kidney, and covered by a fine sheath of orcohir tieeue 
derived from the uajmule, ent4>r the suhstHnee of the organ in the inler- 
vhIs between the papillit, chiutly at th? junction between th? cortex and 
the boundary layer. The chief branches then pass almost horizontally, 
giving off smaller branches npwurd tf> the cortex and downward to the 
mcditlln. Tho former are for the most part straight, they pass almost 
vertically to the surface of the kidney, giving off hitorally in all directions 
longer or shorter branches, which supply the afferent arteries to the Mal- 
pighian bodies. 

The snmil afferent artery (Figs. i4U and 245) which enters tht« Mal- 
pighiun corpuBcle, breaks up as before mentioned in the interior into a 
denize and convoluted and luo{K'd capillary plexus, which Is ulttDiately 
gathered »p again into a single small efferent vensel, comparnhle to a min- 
ute vein, wliich leaves the Malpighian capsule just by the point at which 
the afferent artery enters it. On leaving, it does not immediutolt join 
other small veins as might have tieeri e^iiecttHl, hut agjiin breaking up iuto 
a network of caiiilhiry vojiscla, is distributed on the exterior of the tubnle, 
from whoec dilated end it had just emerged. After this second breaking 
up it is Unully collected into a small vein, which, by union with others 
like it, helps to form the radicles of the renal vein. Thus, in the kidney, 
the blood entering by the renal artery traverses two sets of capilhiries be- 
fore emerging by the renal vein, an arrangement which may be oomjiared 
to tlie/>or/*'? system in miniatnin?. 

The tuft of vessels in the course of development is, as . were, thrnst 
into the dilated extremity of the urinary tubnle. which finally eomjiletely 
invests it just as the pleum invents the lungs or the tunica vaginalis the 
testicle. Thus tho Maljiighion capeulo is lined by n parietal layer of 
equamoUB cells and a visceral or reflected layer immediately covering tlie 
vascular tnft (Fig. 241), and sometimes dipping down into its interstices. 
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Thw reflected layer of npithelinm a readily seen in young subjpcte, Imt 
cannot ulwayjt bo dematistratcd in the wlult. (See FigK. '^44 and 'Hb.) 

The vessels whii^h enter the medullary layer break u\t into snuiller 
ancriolea, which paas throagh the Iwuiidary layer and procw^ in a 
fitraif^ht course Iwtwevn the tubules of the papillnry layer, girin^ off on 
their way bmtichwf, which form a fine arterial meshwork around the Wbee, 
and end in a similar plexuA, from which the vcnons ndieles arise. ^ 

Beaidea the small afffrmi arteries of the Mulpigliian Itodiw!, tlicro are, 
of oourge, olhera which are distributed in the ordinary manner, for nutri- 
tion's sake, to the different parte of the orgim; and in the pyramids, be- 



/ 



FiA. SU. 
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Tm M4.— TnuMv*r«i.' r*K-iion nf a i1pr*liipin|c MalpMtitan r«paii)K and tufr (hutnka) x 900. m«D 
• foMai U ftbout Uw (oiutli monUi: ■*. flAtteiied cella icrovrlu to tnrm the capMilr; A, inoo? roundnt 
«Mi| OOnUauoiM with Cw atwvp, ntlKfaid muixl t.mitd Brudlv Min-ldplnit U; r, hmm of *-inlim«ilc 
eeMftwUttawflHUBrbecMiieilFTvlopMltiHnblDnd-vtMcla. iVS I^-f.) 

VM. MB.— bdlluillia rlMiH>ntB of a HalpIjchUii trnpailm and tuft, with the vmwimomaetA «t » 
iiTlMiTlilliiilr iiinrtnf Ui<< lUtaKiiit and tItiwM Tvaaeii a. layvr ot iwKiWimd MrillMUum fariniiic Um 
tt^mm; B^ iknlkr. but rathM-lafmrtipltfaeUal t«ai,nlaatidm tha waUa of Uw uib*; f . wjli. uiKflnt 
IhavMMtoefdMcapaUry toft; a, commenwrnaot m ite tubule, aonwwtu nimiMri < ihao UwroiZ 
oTK. (W. Pjrc.) 



tween the tubes, there are numerooa straight vessels, the pa^ta recta, aup- 
poaed by aoioe observers to be branches of tufa efferentia from Malpightan 
bodiM, and therefore oom|tarab1e to the venous plexna around the tubules 
in the cortical portion, while others think that they arise directly froni 
small brancheji of the renal arteries. 

Between the tubes, vessels, ete., which make up the wibirtance of the 
kidney, there exists, in Kmall quantity, a fine matrix or areolar tissue. 

Nerves. — Tlie nen-es of the kidney are derived fmm the renal plrxoa. 

Structure of the Ureters. — The dnet of the kidney, or HreUr, is a 
tube about the size of a g(:K>W!<quiil. and from a foot to sixteen inclios in 
length, which, continuous above with the pelvis of the kidtu-y, ends 
below by perforating obliquely tha walla of the bladder, and opening on 
You 1.-28. 
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ite intental eiirface. It is coustiactcd of threv principal coate (a) an 
outer, tough, _ft'A;-OM« atttl elastic, coat; (A) a middle, mitscitUtr ratit, of 
whiuh i\iv iibrta iiru uustripud, and urraoged iu tlirtiu lavens — ilie ftbree 
of the centi-al layer being circular, and thoseof the other two luiigitudiiud 
in direction; and {'•) an internal muMug lining continuous uith that of 
the polvia of the kidney above, and of the urinary bladder below. The 
epithelium of all thwe partti (Fig. 246) is alike strutiOed and of a aomc- 
whut peculiar form; the eella on the frco surfaire of i\w. mucous mem- 
bmue bf^ing UBnally spheroidal or jiolyhodnU with one or more spherical or 
oval nuclei; while beneath thcee arc jK/ar-shajwd cells, of which the broad 
ends are dirocttd toward the free Burfuce, fitting iu beneath tho cells of 
the tirst row, niid the a]iic&s :iro prolonged into processes of various 
lengths, among wbiclt, again, the deepest cells of the epithelium arc 
found flphcrnidal, invgiiinrjy oval, spindle-shaped nr conical. 

Structure of Urinary Bladder.— Tlie urintirj- bladder, which 
forms a receptacle for the tempomry lodgment of the nrinc in the intorTab 
of itA expuUion from tlio body, w. mom nr \vs» pyriform, ltd widest part, 
which ia situate above and behind, being termed the fundus: and tlic 
nnn"ow constricted portion in front and belww. by which it becomes oon- 
tiuiiuu8with the urethra, Iwing calle<.l its cervixotneck. It is conslracted 
of fonr principal coaLi. — ftefmis. mustfular, areolar or nubmuivuK, and 
vhirous. (a) The mroux cuat, whidi covers only ihe posterior and npptr 
half of the bladder, has the same stmctni-c as that of the peritonentu. 
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As. MS — Flpltlirtliiiii <9f tlir tJoilitrr: a. nni> of O^ orlto of tite Ant ro«: ft, a oell Of tile MCauI 
HWI A oelU tn nt«, 4if Crsi. tMwiciml. aud dvviwwt Invotk, lObwneliwr.) 

with which it is continuous. {&) The fibree of tho muscular coat, which 
are unatriped, are arranged in three jirinciiial layers, of which the external 
and internal (Kllit<) liave a general longitudinal, and the middle layer a 
einaihir direction. Tho latter are cBpecially developed uround the ren*ir 
of the organ, and arc described a» forming a uphitirirr iv^rVfl'. The rans- 
cnlar fibres of the bladder, like those of the .itomach. are arranged not in 
liniple circles, hnt in figure-of-S loops, (r) The arenlar or submucous 
coat i« confitnictud of connective tissue with a large proportiim of elastic 
fibres, {d) The mucous ineniluane, wliieh h nigoso in the contracted 
state of the organ, dues not differ in essential structure from muooua 



TilK KIDNEVa AND TRINK 



355 



I 



membmnoe in gcneml. Its epitlit-liiim in etratitiod uml closdy TaumbkB 
tluit of tlie iwItik of the kidney ami the ureter (Ftj?. 244^). • 

Tlie mucouB membrane is provided with mucous glands, which are 
more numorous near the tmck u( tliu bladdur. 

The bladder is well provided with blood and lymph Teasela, and with 
■aerrcs. The hitter are bmnches from the sacral plexns (gpinal) and hypo- 
gastric plexiui (sympathetic). A few ganglion-coUs uro fouud, here and 
there, in the coniw) of the nerve-Qbres. 



* The Excretion op xnE Kidnby:— The Ubikb. 

Physical Properties. — Hpiilthy iirint' is a perfectly traiiBpiirent, 
amber-colored liquid, with u jweiiliar, but not disat^reeable odor, a bitter- 
ish taste, and slight acid reaction. Its spcciBc gnivity rarios from 1015 
to l(Kld. Co standing for u bliort time, a little muuous appvora in it oa 
B flocculeut cload. 

Chemical Composition. — T)ie urint^ coiuista of water, holding iu 
BolutioD ci-rtiiin orj^unic and saline matters as its ordimkry constituent*, 
and occasionally varioiis tniittcrs tttkcu into the stomach as food — salts, 
coloring matter, and the like. 
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Taitle of th« Chemical Composition of Vui Urine [modioli from Reequfret). 

Water . . 9t!7 

Urea 14.830 

Other nitrogenous crystalline bodies — 

Uric acid, principally in the form of alkaline 

urates, a trace onlv free. 
Kreatinin, xanthin, ^ypuxanthin. 
Hi|)pTiric acid, Icncin, tyro^in. taurin, cys- 
tin, etc., all in email amouata and not 
constant. 
Mucus and pigment. 
SalU:- 

Jnoroanic — 

Principally sulphatee. phoHphates, and chlo- 
rides of eoiliuni, and |H>tiLsaiiim. with phos- 
phates of niagneciutn mid calcium, traces 
of silltuttes and of chlorides. 
Organic — 

Lactates, hippurotes, acetates and formates, 
which only appear oocaaioniiUy. 

a trace sometimes. 

(nitrogen and carbonio acid principally). 

1000 

Reaction of the Urine — The normal reaction of the tirine is 
slightly acid. This acidity is due to acid phosphate of sodium, and is 
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lose marked after meals. Ilie urtiie cuntatns no appreciable amaunt ,of 
free uoi<l, as it gives no ])rocipitato with godium hy|)oeulphiie. After 
standing for fionic time the acidity iiicreaaeH from a kind of fermentation, 
due in all pmbability to the preisvnue of mucus, and acid nratca or free 
Drio acid is depoiiit«d. Alter a time, varying in length acenrding to the 
temperature, tlie reaction becomes strongly alkaline from the chan^ of 
areiL into ammonium carbonate — while nt the same time a strong ammoni* 
acol and fcptid odor appears, with deposits of triple phosphates and alka- 
line urates. As this does not opcur unless the urine is exposed to the 
air, or, at least, until air has bod access to it, it is probable that the de< 
composition is due to atmospheric germs. 

Heac/inn of Urine in (Ufferent classes of Animals. — In most horWfo- 
roua animuU the urine is aTkaline and turbid. The difference depends, 
not on any peculiarity in the mode of secretion, but on the differences in 
the food on which the two clasMB auhaist: for when carnivorous animals, 
such as doffs, are restricted to a vegetable diet, their urine becomes pale, 
turbid, and alkaline, like that of an hcrbivoroas animal, but reBumes iti 
former acidity on the rctnm to an animal diet; while the urine roidwl by 
herbivorous animals, e.g., rabbits, fed for some time exclutiirelr upon 
aniuial substances, prewnta the acid reaction and other qualities of the 
urine of t'aniivora, its ordinary alkalinity being restored only on the 
substitution of a vegetable for the animal diet. Human urine is not 
usually rendered alkaline by vegetable diet, but it becomes so after the 
free use of alkaline uicdicjnca, or of the alkaline salts with carbonic or 
vegetable acids; for these latter are changed into alkaline carbonates pre<- 
vious to eliminatiou by the kidneys. 
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AvERAflE (JUANTITY OP TUB OHIEP rONBTlTt'ENTS OP THE ITrIKB 
EXCUETRD IK 24 llOt'US BY DEALTIIY UALE ADL'LTS (PaREES). 



Water . 

Urea 
Uric acid 

Uippuricacid, uncertain 
Sntidinric acid 
Phosphoric acid 



5i' fiuid ounces. 
51^-4 grains. 

8-6 



probably 10 to 15- 
3111 
. 45- 



Potiussium. Sodium. Ammonium Chlorides I ooq-sk 



and free Chlorine 
Lime 
Magnesia 
Muous 

Kroatinin 






Extractives ' 



r*igmcnt 
Xaiithin 
Hj-poxanthin 
HeeinouB matter, otc. 



Variations in Quantity of Constituents.— From these proporUr.. 
however, most of thu com^tituucits are, even in health, liable Ut variutioiii, 
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The variations of the water in different iseasoiiB, ami according to the 
quantity of drink and exercise, have alrewly lieen mentioned. The water 
of the urine is ulso liable to l>e iuUuunced by the condition of the iiun'uus 
Bjntein, being tiomutimes greully increased in liyeteria, and eome other 
nervous affections; und at otiier times dinnni«hed. In some difieMos it is 
enormously increased ; and iu increaae may be cither attended with an aug- 
mented quantity of solid matter, oa in ordinary diabetes, or may be nearly 
the sole change, as in the affectiim ternied diabetes iiisi)>idus. In other 
dtseaaoB, e.g., the variouH forms of albuminuria, the quantity may be con- 
iderably diminished. A febrile condition almost always diminishes the 
quantity of watt^r; and » liki^ diininution is paused by any affection which 
draws off a large quantity of Quid from the body through any other eban- 
uel than that of the kidnej's, t.ff., the bowels or the skin. 



" Method of nlimntina the Solidn, — A useful rule for approximately 
estimating the total solids in any given speeimen of healthy urine ii tou 
mnltiply the last two figures representing th« spccifle gravity hy 2'!^. 
Thus, in urine of sp. gr. 1036, 2-33x2fi=fia'M grains of solids, are con- 
tained in lUOO grains of the urine. In using this method it rount he 
remembered that the limits of error are much wider in diseased than in 

H healthy urine. 

■^ Variations ih the Specific Gravity.— The specific gravity of the 

^fe^unan urine is iihoiit lir.f(i. Probably no other animal fluid presents so 

^BMny varieties in density within twenty-four hours iis the urine docs; for 

H^the relative quantity of water and of solid constituents of which it is 

' cwmjKised is materially in^uent^d by the condition and ofXiupuLiuu of the 

body during the time at which it is secreted, by the length of time whiuh 

liM elai«ed since the last meal, and by sevend other accidental oircum- 

stances. The existence of these causes of difference in the composition 

of the urine has led to the secretion being described under the three heads 

of urina /anguinitt. urina potun, and urifta et'bL The first of tliew 

names signifies the urine, or that part of it which is secreted from 

■ the blood at times in which neither food nor drink has been recently 

taken, and is applied ct^pccially to the urine which is evacuated in the 

Riumiug before biviikftut. The term urina potun indicates the urine 

■ecretcd shortly after the introduction of any oousiderable quantity of 

fluid into the body: and the urina cidi, the portions secreted during the 

period immediately succeeding a meal of solid fwd. The last kind con- 

H tains a larger quantity of solid matter than (;ither of the others; the first 

" or sei^ond, being largely diluted with water, possesses a comparatively 

low Bpeciflc gravity. Of these three kinds, the morning urine is the be«t 

calculated for analysis in health, since it represents the simple Mcretwn 

nnmixMl with the elements of foml or drink; if it bo not used, the whole 

of the urine poasod during a period of twenty-four liuora should be token. 
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In accordance with the Tarioiis ciri^timstnnces nboTO-mentioned, the 

flpecific ipTivity of Ihe urine may, ronidateiitly with health, range widelr 
on both sidoB of the usual average. The average liealthy rang© may be 
elAteii at from 1015 in the winler to 1023 in the summer; bnt variatioru 
of diet and eserciee, and many other cirr.umstjiiicea, may make even greater 
difforencpg tlian those. In diseuM, the Tariation maybe greater; some- 
tiuiuei dt-tiLfiidiiig, in alhumiiiuria, to 1004, and frequently ascending iu 
diabetea, when the uriut- i« loatled with eugar. to 1050, or even to 1060. 

Quantitjr. — The total quantity of iirine jtassed In twenty-four hoars 
h afftcled by numerouu circumstance*. On taking the mean of many 
observations by soveral cx]n.Timeiiterp, the average riuaiitity voided in 
twenty-four hours by healthy male adults from 2u to 4U yeare of age has 
beca found to amount Ui about fi3| t!uid ounces {l{ to 3 litres). 

Abnormal Constituents. — In disease, or after the ingestion of 

epeuiiil foodH, varifme nlnmrniul Buhtitances m^i^ur in urine, of which the 

lollowing may be mentioned— Bcrum-albnmin, globulin, ferments (ap- 

, porently present in health aUo), blond, sugar, bile acids, and pigments, 

'iats, oxulatL-Ei, variuut) aaUi taken an mediciue, ^d other matters, aa bM;:_ 

teria and remU casts. 



Tub Suuijs of tue Uiusk- • 

Urea (CH,N,0). — Urea is the yirinripal solid eonntituont of the 
nrinf. forming nearly one-ludf of the whole quantity of solid matter. It 
ia also the niogt ini[KirLant ingredient, since it is tho rhief subetance by 
which the iiitru^fii of dwonipDmnl LiuHue and euperflunus fond is excreted 

from the body. For its removal, tho secre- 
tion of urine seems eepecially provided; anil 
by its retention iu tlie bluod the most per- 
nicious eiTecta are produced. 

Properties.— Urea, like the other solid 
conBtitiienta of the urine, exists in a state 
of Holittion. But it may bo procured m thtt 
Bolid Btato, and then appears iu the form of 
delicate silvery aciculor crystids, which, 
under tlie microscope, appear as four-sided 
pj'isnia (Fig. 247). It is obtained in thii 
stall* by evaporating urine carefnlly to the 
consistence of honey, acting on the inepis* 
fiftted maM with four parte of alcohol, then evaporatinp: the alcoholic 
solution, and pnrifying tho rcaiduo by repeated solution in water or alco- 
hol, and finally allowing it to cri'tttoIUze. It readily pombine.i with 
Bomo acids, like a weak bft.se: and may tluia ha conveniently procured 
iu the form of crvstala oi nil rate nr oxalate of urea. 
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U.eft IB colorlsM when pure; Trhen impure, yellow or brown: without 
ftnellt niul nf o pooling nitre-Iikc iiiste; lius neither an acid nor an alka- 
tiue ivuction. unddcliqucscee in a niuist fiiiil u-arm atmosphere. At 5D°K. 
(15° C.) it requin^s for its eolntion Icsb clmu its weiglit of voter; it ia 
(liaaokfd in nil proponious bv boiling wutt-r; but it rei^uircs 6ve times its 
weight of toU uk'ohol for its boIuUoh. It i« insoluble iu «ther. At 248" F. 
•(190° C.) it mett« without undergoing decomposition; at a still higher 
tumpemtiiru ebullition tukes place, itiid carboimte of ammonium Aublimes; 
the melting mam gnidually occjuires u jmlpy consistence; and if the liottt 
ia carefully regulated, leaves a grey-white powder, cyanic aeid. 

Cbemical Nature of Urea. — The chemical nature of urea \» ex- 
plained elsewhere.' but it will be as well to mention hero that nrua ia 
isomeric with ammonium eyaniite, and tliiit it was first artificially pro- 
duced from this substance. Thus: — Ammonium cyanato (XH,.C'XO) 
= ureu (C'1I,N,0). The action of beat ui>on urea in evolving ammonium 
caHwiute and leaving cyanio acid, is tlms expluinot]. A vimilar do- 
compoeitiou of the urea with development of ummonium carbouate 
«nra6« spontaneously when urine is kept for Kome dayn after beingToided. 
and explains the ammoniocal odor then evolved (p. 35(i). The urea 'a some- 
limes decom)Hi5ed iwfure it letivett Iho bladder, whi<n the mneoas mem- 
brane is diseased, and the mucus secreted by it is both more abundaut, 
and, prubtiblr, moR' proiiu to act an a ferment; although the decomposi- 
tion does not often occur unless atmospheric germs luive hod acceas to 
the urine. 

Variations ia the Quantity of Urea.— The quantity of urea ex- 
creted \^, like that of the urine it^ielf, subject to considerable variation. 
Tor a healthy wlult 6(»0 grains (about 32-5 grms.) per diem may l>e taken 
Bs rather a high uveragc. Its percentage in hsalthy urine is 1*5 to :£-5. 
It is materitdly inlhicnceil by diet, being greater when animal food is ex- 
clusively luwrl, less when the diet is mixed, and least of nil with ii regeia- 
ble diet. As a rule, men excrete u larger quantity than women, and pur- 
lODs in the middle periods of life a hirger quantity than infants or old 
|>eople. The tjnantity of uresi excrete^l by children, relntivoly to their 
body-weight, U much grcat^T than in adults. Thus the quautitr nf nrea 
excreted per kilogram of weight was, in a child, U'8 grm.: iu nn adult 
only 0'4 grm. Rrgiirded in this way. the excretion of carbonic acid 
gives similar i-esult, the pro[iortion in the child and aduli liciug oa S'2 :34. 

The quantity of urea duett not necessarily increase and decrease with 
that of the urine, though on tlie wholt! it would seem that \ihenever the 
amount of urine is much augmented, the quantity of urea also is usually 
increased; and it appears that the qminlily of urea, as of urine, may be 
eapoeially increaAcd by drinking largo quantities of water. Iu various 
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>diaeftH8 the tjaantity is reduced oonBiderably below the healthy st&ndard, 
while in other affections it ia above it 

Estimation of Urea. — A (vMivenient apparatne for estitnatitig tbe 
quantity of urcii, in a given sample of urine is that devised by Russell aifl 
West. 

Urea contains nearly half its weight of nitrogen; hence this gu nuy 
be taken a& a mcHEaro of the area. A small qnantity of urine is mixed 
with a large exeetfi of Bolution of sodium liypobromite, which completetj 
dooouipotfus the urou.. liberating all the nitrogen in a g»&eou« form: a 
gentle heat promotes the reaction. Tbe percentage of urea can of Rour» 
be readily ealculat«d from tlie volume of nitrogen evulved from n meosunMl 
quantity of the urine, bnt this cfllculatiou is avoidei.1 Ijv gradualing the 
tube in which the nitrogen is rolleoted with numbers which indieatc the 
corresponding percentage of urea. CON,H. + 3NaBrO -f- SNiilIO = 
SNaBr + 311,0 + Na,CO. + N,. 

Uric Acid (t^»H.N,0,). — This subetauee, which was formerly termed 
litliic aeid, on account of its exjst^^ncc in many forms of urinary calculi, 
is rarely Bbsent from the urine of man or animals, though in the feline 
tribe it seems to be somottmeg entirely replneed by urea. The pro- 
portionate quantity of uric acid varies eonniderably in different ""'malH. 
In man, and Mammalia generally, csijecially the Herbirora, it i« com- 
pamtively email. In the whole tribe of birds, and of serpents, on tbe 
other hand, the quantity is very large, greatly exceeding that of the tirea. 
In the urine of granivoroaa birds, indeed, urea is rarely if over found, it« 
place lirMiig yiitirely supplied by uric juMd. 

Variations in Quantity. — The quantity of uric acid, like that of 
urea, in human urine, is increased by the use of animal food, and de- 
oreiUdd by the use of food free from nitrogen, or by an exclusively vege- 
' table diet In most febrile diseases, and in plethora, it is formed in an- 
naturally large quantities; and in gout it is deposited in, and around, 
joints, in the form of '.irale of soda, of which the so-ealled chalk-stone* 
of this rtifieaflo are prinni]mlly eonipopcd. Tbe average anioiuit secreted 
in twenty-four hours is 8*5 grains (rather more than half a ^Tamme). 

Condition of Uric Acid in the Urine. — The condition in which 
uric acid exists in solution in the nrinc hue formed th? subject of some 
discussion, because of its difficult solubility in water. It ia found chiefly 
in the form of ura** of sodium, produced by the uric acid us soon as it is 
formed, combining with part of the base of the alkaline sodium phosphate 
of tbe blood. Tlippuric acid, which exists in human urine also, act* upon 
the alkaline jihosphatc in tbe same way, and increases stiU more the qnan- 
tity of acid phosphate, on the presence of which it in prolMible that a part 
of the natunil widity nf the urine dependp. It is scarwdy popsihle t« aay 
whether the union of urie acid with the base sodium and probably ammo- 
niam, takes place in the blood, or in the act of secretion in the kidney: 
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fhe lattar U the mom likoly opiuioTi; but the quantity of cither uric ncid 
or nratee in the blood is probably too small to h1I<jw of this qitestion being 
aoked. 

Owing to ita existence in combination in heolthy urine, uric acid for 
examiniitiuu mueit gvucnUly bu previpituted frum its ham'i by a stronger 
acid. Fretjueutly, howfvcr, when excreted in exc«88, it ia deposited in a 
crygtallinw form (Fig. 248), mixed with larpo quantities of ammonium or 
Bodium urate. In Biioh cases it may be procured for microscopic exami- 
nation by gently warming the portion of nrine containing the sediment; 
this dissolves urate of ammonium and sodium, while the comparatiTcly 
insoluble crystals of nric acid subside to the bottom. 

The most common form in wliich uric acid i» ileposited in urine, is that 
of a brownidh nr rollowifh powdery substance, consisting of gmnuliw of 




^Tta. MS.— VBTiouM tonm of uric add cryntala. rni. SMB.— Crrirtiili of U|>puric meU. 

uramonium^-or sodinm urate. When deposited in cr>'8tals, it is most 
frequently in rhombic or diamond-shaped laminie, but other forms are not 
Dncommon (Fig. 248). When deiiofliteil from the urine, the crystals are 
generally more or leas deeply colored, from being combined with th» 
coloring principles of the urine. 

There are two chief teste for uric acid besides the microecopic evidence 
of its crygtalline etmctnre: (1) The Murtrridt> tat, which consists of 
evaporating to dryncM a mixture of strong nitric acid and uric ikcid in a 
water bath. This leaves a y el lo wish-rod rcsidno of Alloxan (C,H,N,0,) 
and urea, and this, on adrlition of ammonium hydrate, gives a beflutifnl 
parple (ammonium purj)urato. C,U, (Nil.) N\OJ. dccpene<l on addition 
of caustic potash. (2) Schiff's /m/. DisBolve the unc acid in sodium 
carbonate solution, and drop some of it on a flltcr ]>aper moistened witb 
silrer nitrate, a black spot appears^ which corresponds to the reduction. 
of silver by the uric acid. 

Hippuhc Acid (C.H.NO,) has long been known to exist in the anno 
of herbivorous auimaU in oombiiution witb soda. It also exist* naturally 
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in tho urino of mau, in quantity equal or mtlior exceeding that of the , 
uric acid. 

Pigments. — The coloring matters of the tirinp are: (1) ZTro^ilin, 
a eiibsianco connected witii the coloring mutt'crs of the blood and hilo 
(p. 275): it \s eisjioc-iiilly svmi in ffbrilc uriiit- and exists normally, bnt 
to leaaamoniit; it i« of a yellowish-reil color; (■^) I'ro-cAroi/if, which ou 
eiixwiii-e undergoes oxidiition, and b«;onie* Cro-eiyfftnu. the formi-r 
being yellowish and the latter sasdy red; and (3) indicau is occasionalEy 
present. 

Itidican is not itself jKpnentary, tlmugh l>y ita decompoeition indigrv 
blue und indigo cal are produced. Its preeeiit'c can usually be detected 
by adding to a wnall quantity of urine an equal bulk of strong hydrochlorio 
acid, and gently luuting the Bululicm; on the addition of two or tlire«> 
dropa of stning nitric at^'id a delicutif piirplltili tint, is duvelopod, and indigo 
blue acd red crystuU Hetiuratc uut. 

Mucus. — Mucus in the urine conaistg principully of the epithelial 
debris of ihe mucoud siirfare of the urinnry pflssages- Particle* of opitlit<- 
liuni, in grouier or Ic^ abundance, may bo detected in most samplei of 
arine, capccially if it baa remained at rest for some time and the lower 
strata are then examimid {Fig. 250). As urine cools, the mncoua is aome- 
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times seen suspended iu it as a delicate opaque cloud, bnt generally it 
falls. In inflammatory affections of the urinary jjassages, especially ol 
the bladdc-r, mucus iu large quantities is poured forth, and speedily nn- 
doi^;oea decomposition. The presence of the decomposing mucns excites 
(as already stated, p. 3.^6) chemical chanffca in the nrea, whercbr ammrw 
nio, or carbonate of ammonium, is formed, which, combining with the 
exccea of acid in the an per- phosphates in the urine, produces insoluble 
neutral or alkaline jih(M--]diateH cif ralcium and magntvlum, and phixriphate 
of ammonium and magiie&ium. Theec mixing with the mucus, couEtitute 
the peculiar white, visoicl. moHar-like substance which collects upon the 
mucous surface of thu bladder, and is often passed with the ariae, form- 
ijig u thick tenacious Mjdiment. 
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Extractives. — Beaiiles iniicus and coloring matter, urine contains a 

conaiJemble qimtitity of nitrugeijous comijouiids, usually dwcribed under 
the goueric iminw of exlmctirts. Of these, the chief ai*: (3) A'mi/initt 
(C,1I,\,0) a substance (ierived, prohnbly, from the motamori>hosw of mus- 
cular tis8ue, crystallizing in colorless oblique rhombio prisma; a fairiy 
definite umoiiut of this siib^timco, iibont 15 gniinft (I ^rni.)> R|ipeam in 
the urine daily, ao that it niuel \>& looked U[)on ub a normal nouetituent; it 
ig increased on an increase of the nitrogenous conetituentB of the food: 
(S) Xant/iin (C.N.H.O,), an aniyrphons jiowdur soluble in !iot wator; (3) 
JIi/jto-xaiilAiii, or sarkiii (C,\,T1.0): (4) Oxahtric arid (C,H,N,0.), in 
CombiiiJilion with aninioniuni; (ol AUnutoin (0,II,N',0,), in tlie urine 
of the new-bom child. All these extraciivea are chiefly interesting as 
being closely contiecled with un'a, and nioetly yielding that swhstaiu'e on 
osidation. Loucit) and tyroeiu can scarcely be looked npon as normal 
constituents of urine. 

Saline Matter. — The mfp/iuric acid in the urine is combined chiefly 
or entirely with sodium or potassium; forming salts which are taken in 
very small fjnantity with the food, and are ucarwdy found in other fluids 
or tissues of the body; for the sulphates commonly cnumenited among 
the oonstitiu'iita of tlie iii^lieR of the tiHsneti nud fliii^li^ are for the most 
part, or entirt-ly, produced by the changes that take place in the biini- 
ing. Only about one-third of the sulphuric acid found in the urine is 
derived directly from the fotKl (Parkes). llcnco the greater part of tho 
enlphiiric acid which the sulphalua in tho urine contain, must be formed 
in the blooil, or in the act of secretion of nrine; the eidphur of which the 
acid is formed being probably derived from the decomposing nitrogenons 
tiaaues, the other elements of which arc resolved into uroa and uric acid. 
It may bo in part dcrivL^i] also from the aulphur-holding taurin and 
cyfiin, which can be found in tho liver, lunga, and other parts of the 
Iwdv, but not gerienilly in the excretions; and which, therefore, miisL be 
broken up. The oxygon is supplied through the lungs, and the heat gen- 
erat<?d dnring combination with the sulphur, is one of the gnbordinate 
means by which the animal tcmperatorc is maintained. 

Besides the fliilphiir in these salts, some also appears to be in the urine, 
uncomhined with oxygen; for after all the flulphates have been re- 
moved from uriiie, sulphuric acid may be formed by drj'ing and burning 
it with nitre. From three to five grains of siilpliur are thus daily ex- 
crete<l. The combination in which it exists is nnceilain: possibly it is in 
some componnd analogons to cyittin or cystic oxide (p. SOfi). Sulphuric 
acid also exists normally in the nrine in combination with phenol 
(C,n,0) aa phenol sulphuric acid or its corresponding saltsj with 
sodium, etc. 

The phosphoric acid in tho nrine is combined parily with the alkalies, 

ly with the alkaline earths — about four ur live times as much, with 
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t)ie former as with tho latter. In blood, wlirti, and other »]kaUne flnidi 
of the body, phosphatea exist in the form of alkaline, neutral, or acid 
salts. In the urine they are acid saltR, viz., the aodinm, ammonium, 
calcium, and magnesium phosphates. Mio excess of acid bc-ing (Licbig) 
doe to the appropriation of the alkali witli which the phosphoric acid in 
the blood is combined, by the sevoral new acida which are formed or di»- 
oharged at the kidntiys, namclv, the uric, ht])purio, and sulpbtuic acid^ 
all of wliivh are neutralized with soda. 

The phosphates are taken largely in both rcgretable and animal food ; 
BOme thus taken are excreted at once; others, after being transfomicd 
and incorporated with the tiasuos. Calcium phcwphate forms the prin- 
cipal earthy constituent of bone, and from the rlorom position of the osse- 
miB tissue the urine derives a lai^c quantity of this salt. The decompo- 
sition uf (ttlier tissues also, but especially of tha bniin and nerre-snb- 
fitanco, funuBbcs lurgo supplies of phosphome to tite urine, wbieli 



Flo. SGI — Urinary •Mlirnt'nt nt tri[>li> }t1i<ini>t>iir.-n ilnrifi- |)tIsi[aUC cttsMIb] aaH nrwl* ol uy 
monlum, from urln» wlilcb luui UDii<:rE<^uv lUknllui.' Ii-miL-utaUon. 

phosphorus is supposed, like the sulphur, & be united vith oxygen, and 
then combined with baaea. This quantity is, however, liable to consid* 
orable variation. Any undne exercise of the brain, and all circumstancM 
producing nervous exhaustion, increase it. Tlie earthy phosphates are 
more abundant after meals, whether on animal or vegetable food, and arc 
diminished after long fastinfi. The alkaline phosphates are increased 
after animal food, diminished after vegetable food. Bxercise increases 
the alkaline, but not the earthy phoftphatea (Bence Jonea). PhoRphorus 
nncomhined with oTyjren nppears, like sulphur, to be excreted in the 
urine (Ronalds). When the urine nndergoea alkaline fermentation, 
phoephatoe are deposited in the form of a unnan/ sediment-, conristing 
chlelly of Hnimnrii{>-magiie8iiim phoepbate (triple phoiiphato) (Fig. 3.'i1). 
This eoiupound does not, as such, exist in healthy urine. Tho ammonia 
is chiefly or wholly derived from the decomposition of urea (p. 359). 

The rhlorine of the urine occurs chiefly in combination with sodium, 
2>ut slightly alau with ammonium, and perliap potassium. Aa the chlo- 
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ridefl exist largely in food and in most of the animal fluids, their occnr* 
rence in the nrine is easily understood. 

Cystin (C,H,KSO,) (Pig. a5i) U an ocoasionol conutitnent of urine. 
It rcBcmbks taiirin in oyniaining a large quantity of 6ul|ihur — more than 
SA per cent. It does not exi&t in healthy nrino. 

Another common morbid eonetituent uf the urine is oxalic add, which 
is frequently dt-poitited iu combiuutiou with calcium (Fig. 'Zh^) ae a 
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nrinar7 sediment. Like cvAiin, bnt much more commonly, it is the chief 
constituent of certain calculi. 

Of the other abnormal consiituenta of the urine mentioned It will bo 
unnecessary to »\veok ui length iu this work. 

Gases. — A small quantity of gas is naturally present iu the urine in 
a state of solution. It consists of carbonic acid (chieQy) and nitrogen 
and a.FmaU qnantity of oxygen. 

TttB Method ofr the Exckction op TTrtitb. 

The excretion of the urine by the kidney is belicTod to consist of two 
more or lees distinct proc«eaee — viz., {1.) ofjUtraiioH, by whirh the water 
«nd the ready-formed salts are climioated; and (3.) of true Mcretion, hy 
which certain eabslanccs fonuiug the chief and mure ImportHut part uf 
the urinary solids are removed from the bloo<L This division uf function 
corresponds more or leas to the division in the functions of other glands 
of which we have already treated. It will be as well to consider them 
•oparately. 

(1.) Of Filtration.— This port of the r«nal function is performed 
vitbin the Molpighian corpuscles by the renal glomornli. By it not only 
the water is strained off, but also oertiin other constitnenta of the 
urine, t.ff., sodium chloride, are sepanited. The amount of the fluid 
filtered off depends almost entirely upon the blood- proasure tn the 
glomeruli 
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The greater the blood -preseu re in the arterial Bptem generally, and 
lently in the renal arteries, the grcttter. rmttrit paribus, will be 

iMood-]ire8a«ro in the gbmenili, und the greater thoqnnntity of urine 
soparuted; but even without iiicn,>aHe of ihe (^uerul blood-pressure, if the 
renal flrterie» be hx'ully dilated, the preesura in the j^lomeruli will tie 
increased and with it the eccretion of urine. On the other hand, if tlie 
local bluoil-pressLtro be dimlniabed, tUe amount of fluid will bo lessened. 
All thu numerous t-auscs, therefore, which increase the blood-jiressure (p. 
15;J) will, as a rule, eecondurilj iQcrease the secretion of urine. Of tbeee 
the beart'e iiction in nmongat the moat important. When it* contractions 
are iucrejwed in foi-ce, iiicreaaed diuresis is the result. SiniilarlT.cauewj 
which lower the blood -pressure, e.g., enfeebled action of the heart, great 
loss of blood, etc., will dtniiniBh the nctivity of the secretion of uritie. 

The cloee coiineetion between tlie blooil-iiresBure genenUly ami the 
nervous system hut; bemi before coneidurod, and it will be clear, therefore, 
that the amount of iiriiie secreted depends greatly u]ion the influence of ■ 
tho nervous system. Thus,- divJHJoji of the spiiml cunJ, by producing 
j^eneral vascular dilatation, caugcs a great diimiintiou of blood-preseun'. 
and so diminiehee the amount of water pafise<l: Mnce the local dilatiitioii 
in the renal arteries \s not sufficient to counteract the general diminntion 
of pressure. Stimulafcton of the cut I'riird produces, stmngely enough, 
the same results — 1'.<>., a diminution in the amount of tho nrine paaeed. 
but in a dtflercnt way, viz., by constricting the arteries generally, and, 
nmon'g others, the renal arteries; the diminution of blood -pressure result- 
ing from tbe kHuil resietance in tlie renal arteries being more potent to 
diminish blood- pressu re id the glomeruli than tho general increase of 
blood-pressine in to increase it. Section of the renal nerre« or of any 
otbera which produce locaf dilatation without greatly diminishing the 
general blood- pressure will cause an increase in the quantity of lluliJ 
passed. 

Tho fact that in summer or in hot weather the urine is diminished 
may be attributfil partly to tho copious elimination of water by the skin 
in the fonn of sweat which occurs in summer, as contrasted with the 
greatly diminished functional aetitity uf tbe skiu iu winter, but also to 
tbe dilated condition of >iie vessels of the skin causing a decrease in the 
general blood-prewure. Thus we see that in regard to the elimiimlioa 
of water from tbe system, the skin and kiilneys perform similar functions, 
and are capable to some extent of acting vicaiionsly, one for the other. 
Their relative nclivitiea are inversely proportional to each other. 

The intimate connection between the condition of the kidney and tho 
blood- pressure has liucn exceedingly well shown by the introiluction of an 
inalniment called the Oneometer. recently introdueod by Roy, which is a 
modifleation of the pletliysmograph (I-'ig. 138). By means of tliis appa- 
ratus any alteration in the volume of tbe kidney is communicated to an 
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kpparatng (oncoj^ph) capable of recording graphicflUy, with a vriting 
lever, Buch vuriatioiiB. It bus boon found that the kidney ia extremely 
Mnsitivc to any ollemtinn in the general blood •pressure, every full in the 
general liluiHl-presiiuru U-ing acnnnajmiiied by a decreaso in tlie tuIuiiio of 
tlio kidney, and erery rise, nideia priMlneed by considerable couetriction 
of tbo peripliend vesbels, including lUosc of the kidney, being aL-c-omptinied 
by a corroepondiug increase of vohuiio. Increase of volume U followed 
by an increase in the amount of urine sccrpttd, and decrease of volume 
by a docreaM in the secretion. In addition, however, to the respond of 
the kidney to alt«ration8 in the general blood •prosiurc, tt liae been fur- 
ther oIiLserved that certain substances, vhen injected into the blood, will 
nleo produce an inereaae In volume of the kidney, iiud consequent increiued 
JSow of uriue, without affecting tlie general bloml-pri'^ure — such bodies 
u Bodituu acQt&to and other diiii'oticJ. These observations appear to prove 
that local dilatution of the renal vessels may bc> produced by ulterutions 
Bin the blood upon a local uen'oas mccbaniiim, as the effect is produced 
witcn all of the renal nerves hare b^en divjcleil. The alterations are not 
only produced by the addition of dmgi. but also by tlie intro^liiction of 
com|)aratively small quantities of water or saline solution. To this altera- 

»tion of the Wood acting tipim the iimal \e6FclB (either directly or) through 
a locjd va»o-niotor mechanism, and not to any great alteration in the 
general blood- presfiure, luUKt we uttriluite the elTect of meab, etc., ob- 
served by Iiol>ertfi. "The renal excretion is increased after mcala and 
diminished during fasting and Elecp. The increase began within the Orst 
hour after breakfiwl, and continued iluriiig llie succeeding two or three 
tioura; then a diuiiniilion »et in, and continued until an hour or two alter 
dinner. The effect of dinner did not appear until two or three hours afler 

»sbe meal; and it renoht-d its maximum about the fourth hour. From this 
~period the excretion steadily decreaseil until bedtime. During sleep it 
eank etill lower, and reai^hed itit minimum — being not more than on&* 
third of the quantity excreteil during the hours of digcsiion." Tlie in- 
cj-t'aHHl aiiiounl uf uriuu pasevd after drinkiug targe fjuantities of fluid 
pro'jably de|wnda upon the diluted condition of the Uoud thereby in- 
duced. 

The following table' will help to explain the dependence of the filtra- 
tion function n{M>n ihe blood-pressure and the nervous systom:— 



Talle o/ffte Jttlation of the .'^crefion of Urine to Arterial Pressure. 
A. Secretion of Urine may be increased— 

a. itii itiCTfatinii the tjeneral bhwI-preMiHre, by 

i. Incrdiase of fonn* or frotpieiu^v of hi>arl>heat. 

2. Constriction of small art^riei of areiu: other than the kidney. 
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b. By relaxation of the renal artery wtViout conipetiiating r^axa- 
fivn thewiiere, by 

1. Divisiou vt the ruiial uerv^ (Luueiiig pulyuria), 

2. " " " aui] uXtvrward Htiuiulating cord 
lielow mt'duUu (euusing greatwr ])ul)uria). 

3. Diritiiun uf the a-pltuichmc uurvi-s; but polyuria in less tbnit 

ill L or 2, Hft tliLisu nerves are ilislributed to a wider art-*, 
the dilalation uf tlie reuul artery is acoompuiii?d by dila- 
tation of other vee^elfi, and therefore vitli a sotaevbat 
diniiiiiblititl genenil blood siijiply. 

4. Pnnt^ttire of the floor of fourth vciitricle or mechanical irri- 

tation of the superior ccrvicjil ganglion of the Bympathotic, 
possibly from ifilatation of the remU arteries. 



I 



I 



B. Secretion of urine may be diminished — 

a. By diminishing the general blood-prejuiure, by 
i. Biminisliiiifr the force or frcfjuency of the heart-beata. 

2. Dilutation of capillary areas other than the kidney. 

3. Division of »pinul runl liolmv medulla, wliich cauaee dilata- 
tion of gem-ral alKtominal area, and urine generally ceaaet 
Iwing Bocreted. 

b. By increasing Ike blmd-prfnimre, hy stimulation of spinal cord 
belov medulla, the coustrietion of the rtmal artery not being 
rompensated for by the increafle of general hlooil-preasnre. 

c. By eonMriciion of the renal artery, oy (stimulating the renal or 
Bplanchnic nerves, or by stimulating the epinal cord. 

Although it IB convenient to catl the proce^es which go on in the renal 
glomeruli, filtration, there m reason to believe that they are not ab6olut4?ly 
mechanical, w Che torm might seem to imply, &incc, when the epithelium 
of the Mftlpighiftu capsule has been, as it were, put out of order by ligar 
tare of the renal artery, on removal of the ligature, the uriue has been 
found temporarily to contain albumen, indicating that a selective power 
reairlefl in the healthy epithplium. which nllowB a certain constituent part 
of the blood to be filtered off and not others. 

(2.) Of True Secretion. — That there ia a flocoud part in the procew 
of the exerotion of urine, which is true sccrption. is suggested by the 
structure of the tuhuli uriuiferi, and the itleii is supported by variou£ 
experimeuta. It wilt bo rememborui! that the convoluted portions of tbo 
tubules are lined with epithelium, which beiira a cicwe resemblance to the 
secretory eiiithelium of otl»er (jlands, whereas the Malpighian cflpsulea 
and portions of the loops of Hcnle are lined simply by endothelium. The 
two fnnotions are. then, euggested by the differences of epithelium, rmd 
also by the fact that the blond supply is different, since the convoluted 
tubes are Hurmundcil by cupillary vessels derived from the breaking up of 
the efferent vessels of the Malpighian tufts. The theory first suggested 
by Bownmn (1842), and still generally accepted, of the function of the 



I 
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tubulM, ia tliat tho cells of tlie convolnted tubes, bv a 
prooets of tm« secretion, semntte from the Mood eDbstance« such as 
area, wliereas from the glomeruli are separated the water and the inor- 
ganic saltA. Another theory 80ggc«t«d by Lndwig (1844) u that in tho 
glomcmli ia fili(-red off from the blooil all the constituents of the urine in 
a very diluted condition. When iliiri passes along the turtuotia uriniferuus 
lube, purt of the water is re-absorbed into the Toesole sorrounding them, 
IciiTing the urine in a oioro concentrated condition — retaining all ita 
proper constituents. This osnKwis is promoted by the high siwcific gravity 
of the blood in t*hu cnpillaries eurroundiag the convoluted tubes, but the 
return of the urea and similar substances is prevented by the secretory 
epithelium of the tubules. Liiduig's theory, however plausible, must, 
we tliiuk, give way to the first theory, which is more strongly supported 
by direct cxperimpnt. 

By using the kidney of tho newt, which has two distinct vascular sup- 
plies, one from the renal artery to the glomenili, and the other from the 
renal poruil vein to ilie convolute<l tubes, Nuesbaum has shown that cer- 
tain substances, f.y., popt-oncs, sugar, when injcctwl into the blood, are 
eliminated by the glomerali. and »> are not got nd of when the renal 
urteriesare tied; wboroasccrtain other substances, f.)/.. urea, when injected 
into the blood, are eliminated by the convoluted tubes, even when the 
remil arteries have been tied. This evidence is very direct that ure* is 
excreted by the convoluted tube*. 

Heidcnhain aUo hafi shown by experiment that if a substance (sodium 
Bulphindigotulc), which ordinarily pnKliices blue urine, lie injected into 
the blood after section of the medulla which causes towering of tho blood- 
pressure in tho renal glomeruli, that when the kidney is examined, the 
cells of the convoluted tubules (and of these alone) are stained with the 
Bubsttmce, which Is altw found in the lumen or the tubules. Thisappcnira 
to show that under ordinary circumstances the pigment at any nit« ia 
eliminated by the cells of the convoluted tubules, and that when by 
diminishing the blood-pressnrc, the filtration of urine eeaaes, the pigment 
remains in the convoluted tubes, and is not, as it is under orditiary cir- 
cumstances, swept away from them by the flutthing of them which ordi- 
narily takes place with the watery part of urine derived from the glom- 
eruli. It therefore is protmble that the cells, if they excrete the pigment, 
eicret« urea and other substances also. But urea acts somewhat differ- 
ently to the pigment, as when it is injected into the hlootl of on animal in 
which the medulU has been divided and the secretion of urine stopped, a 
copiotis secretion of urine results, which is not the case when the pigment 
u aaed instead under similar conrlitiona. The flow of urine, indejiendent 
of the general blooil-pressure. might he supposed to be due to the action 
of the altered blood upon some local Taao-motor mechanism; and, indeed, 
the loco] bloofl-preasnre is directly affected in this way, but there is reason 
Vol. 1—24. 
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tor bolioring that part of the increase of the Eccrction is dao to the direct 
Btimulutioii of the cells by the ureu coutainiMl in the blood. 

To gum up, thwu, (lib relation of the two functions: (1.) The proc«eB 
•of filtration, by wUioh the chief part if not the whole of thv^uui u elim- 
inated, together with certain inorganic salts, and poflsiblv other solid*, is 
directly deiwndent upon blood-prewure, is accompUrfiod by the renal 
glomeruli, tirid is accompanied by a free <li8charge of solids from the 
tubuloR. (2.) The prmtoss of secretion proper, by which nrea and the 
principal urinary solids are eliminated, is only indirectly, if at all, de- 
iwudeut ujiou blooil-prcesiiret and ia accomplished by the cella of the con- 
voluted tubes. It ia gomctimos accompanied by the elimination of copioas 
lliiid, produced by tUc chcuucal etimulotiou of tho opithuUum of the eame 
tubules. 



I 

i 



Sources op the NrrnoQESOus XTbisaby Souds. 

Urea. — In speakisg of the method of the secretion of urine, it vtn 

inied that the part played by the cells of the uriuiferous tubules was 
that f)f nipr© separation of the constituents of the urine which existed 
ready -formed in the blood: there is considerable cTidenco to faror this 
assumption. What may be called the specially characteristic solid of the 
urine, i.e., nrea («* well as most of the other 8o!iilH), may lie detected in 
(ho blood, and in oiher parts of tho body, e.fj., the humors of the eye (Mil- 
liHi), even while the functions of the kidne}'B are uuimpaii'ed; but when 
from any cause, especially extensive diHease or extirjuition or the kidneyB, 
the separation of urine is imi>crfcct, the uran is found hirgoly in the bl< 
And in most other fluids of tlie body. 

It must, tlicrefore. bo clear that the urea is for the most part 
somewhere else thitn in the kidneys, and eimply brought to them by the 
blood for elimination. It is not absolnt^ly proved, however, that all the 
nrea is formed away from these organs, and it in |)ni96ible that a small 
quantity is actually secreted by the oells of the tnbnlcs. The sources of 
the nrea,. which is brought to the kidneys for excretion, are stated to b» 
two. 

(1.) Frr>m thf splitting up vf the Elements of tb« Niirogtnous ^>od.~~ 
The origin of urea from this source is shown by the increase which eusnos 
on substituting an animal or hi^dily nitrogenous for a vegetable diet; in 
the nivich larger amount — nearly double— excreted by Carnivora than 
Horbivora, independent of exercise; and in its diminnlion to iibont one- 
half daring starvation, or during tho exclusion of non-nitrogenous prin- 
ciples of foofl. Part, at any rate, of tho increased amount of urea which 
api>eiir3 in the urine soon after ii full mpal of prateid material may lie 
tributcd to the prodnction oTa cimBiderablo amount of lencin and ty- 

in as by-pnKluct£ of piuicreatic digestion. These substances ar« car^ 



I 
I 



TOK KIDNKYS AND TRINE. 



371 



ried by the portal vein to tho liver, anrl it ia tlicro that the change in all 
probability tnkea pliioe; us when the functions of the orpin are gnivt'ly 
inlerfenKl with, a^i in the cam of arute yollnw utropliy, the amotint of iiriia 
id (liatitiotjy diminbhcd, nnd its jilace appears to bo takco by Icucin and 
tviosin. It luts Wii foiiud by exiwrimeut, too, thai If thcao substanoca 
be introduc-ud into the alimoutary caial, the inlrodxictiou in foUowtnl by 
a corresponding increase in the amount of uroa, but not by tiie presence 
of the bodiu's themsclvo* in the urine. 

(2, )J^'oni the XifroqenQus metabolism of the Tigsfies. — This second ori- 
gin of urea is ehou'n by the fact that it continaca to be excreted, though in 
muUcr quantity than usual, when all nitrogenous substoncee ore strictly 
exolnded from the food, as when the diet conHista for Beveral days of 
sugar, Btorch. gum, oil. and similar non*iiitrogenous gubatiLncee { Lehmann). 

I It is excreted also, even though no food at all Iw taken for a considerable 
time; thus it is found in the nvino of reptiles which have fiwtwl for 
months; and in the uHne of a madman who had faeted eighteen dayet, 
LoMHugne found both urea and all the comi>onenta of healthy urine. 

Turning to the muscles, however, as the most actively metabolic 
tianie, we find wt a result of their activity not urea, hnt'l-renliu; and 
although it may bo supposed that some of thla latter body ap|>e&ra natur- 
ally as i-reuiinin, yet it it: not in autticieut quantity to represent the large 
oiDOunt of it formed by the niiucle;^, and, indeed, by others of the ti»'iieg. 
^JX i$ assumed that kreatin therefore is the nitrogenous antecedent of urea; 
rhere it« conversion into urea takes place is doubtful, but xery likely the 
liver, and possibly the spleen, mny be the seats of the change. It may be, 
however, timt part — but if so, a small part — rwiches the kidneys without 
previous change, leaving it to tho cells of the renal tubules to complete the 
action. In speaking of kreatin tut the ante<'edent of urea, it shouhMic 
recollected that other nitrogenoua products, euch us xanthin (C,H,\,0,), 
appear in oonjunctioii with it, and that these may also he converted into 
nreo. 

It was formerly taken for granted that the qnantity of urea in the 
urine is greatly increased by artim exere-iw; but numerous obeen'ers have 
failed to detect more than a slight increase under such circumstances; and 
our notions concerning tho relation of this excretory pmlurt to the de- 
struction of muscular fibre, consequent on tho exercise of the latter, have 
undergone considerable modiUcaiiou. There is no ilouht, of course, that 
like all parts of the body, tho musolsa hara but a limited tenn of exist- 
ence, and are being constantly although very slowly renewed, at the same 
time that a i>art of the products of their disinti-gration appears in the 
arine in the form of urea. Rut the waste ii not so fast as it was formerly 
supposed to be; and the theory that the amount of work done by the 
mnsole ia expressed by tho quantity of turoa excreted in tho urine must 
without douiit be given up. 
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Uric Acid. — ^tJric acid probably arises much in the siitne way sis uka, 
eitluT from the disintegrntion of iilbtiminous tissues, or from the food. 
The reUtioii which uric acid and urea bear to ouch other is, hovrever, gtii; 
olutciire: hut uric arid is said to be a less adraneod stage of the oxidation 
of the |irodtietfi of proteid nictnljoliani. The taci that they often eiii) 
together in the same urine, makes it seem protjably that they liiivo differ- 
eut urigiua; but the entire replacement of either by the other, as of area 
by uric acid in the orine of birds, serjieiits, and many insect*, oiid of uric 
acid by urea, in the urine of the feline tribe of Mammalia, fehowe tbiii 
either alone may take the place of the two. At any rate, although it ii 
true that one molecule of uric acid is catMible of splitting up into liro 
molecules of urt^a and one of mcs-oxalie acid, there is no evidence I« 
believing that. urJt; a(;id iit an anCect<dent of tirca in the nitrogetiotifi 
metabolism of the body. Some experiments seem to show that uric acid 
is formed in Die kidney. 

Hippuric Acid (C.II^XO,). — Hippuric acid is closely allied to benuac 
acid; and tliis substance when inti-oduced into the ayetem, is excreted bv 
tht- kidneys as hippuric acid (Urc'l. lt« source is not sat iKf acton ly deU-t- 
mined: in part it. is probably derire<l from some constituents of vej;eta!i!e 
diet, though mau has no hippuric acid in his food, nor, commonly, ant 
benzoic acid that might be converted into it; in part from the iiatnnl 
disintegration of tissues, indeiwudeut of vegetable f(wd, for Weiamann 
constantly found an upprcctable (|uantity. oven n'hon living on an exela- 
sively animal diet. Hippuric acid arises from the nuiou of benzoic 
with" glycin (C.H.NO, + C.n.O. = C.H.NO, + n,0}, which union 
take place in the kidneys themselves, as well as in the liver. 

Extractives. — The source of the extractives of the urine i» probably 
in chief part the disintegration of the nitrogenous tissues, bnt vc are 
unable to say whether these nitrogenous bodies are merely aedden 
having resisted furtlier decomposition into urea, or whether they are 
represfntativus of the decouiposition of special tissues, or of special fo: 
of melaboliem of the tissues. There is, however, one exception, and thii 
is in the case of kreatinin; there is great reason for believing that tl 
amount of this body which appears in the urine is derived from the me 
olisni of the nitrogenonH fond, us when this is diminished, it diinmiBh< 
and when stopped, it no longer appears in the urine. 
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TiTE Passage of Ubin^ ivto thk Bladder. 

As each portion of urine ie secreted it propels that which is alreadj 
in the tubes onward into the pelvis of the kidney. Thence through the 
ureter the urine passes into the bladder, into which its rate and mode of 
entrance has been watched in ciuiefl of edapiit trMirtp, i.e., of such fissures 
in the anterior or lower part gf the walls of the abdomen, and of the from 
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wall of the bladder, as expose to view its hinder wall together with the 
orifices of the ureters. The nrine does not enter the bladder at any reg- 
ular rate, nor is there a sjnchroniam in its movement through the two 
ureters. Dnring fasting, two or three drops enter the bladder every 
minute, eiich drop as it enters first raising up the little papilla on which, 
in these cases, the ureter opens, and then passing slowly tlirough its orifice, 
which at once again closes like a sphincter. In the recumbent posture, 
the urine collects for a little time in the ureters, then flows gently, and, 
if the boily be miscd, runs from them in a stream till they are empty. 
Its flow is incrciiecd in deep inspiration, or straining, and in active exer- 
cise, and ill fifteen or twenty minutes after a meal (Erichsen). The 
nrine collecting is prevented from regurgitation into the ureters by the 
motle in which these pass through the walls of thy bladder, namely, by 
their lying for between half and three-quarters of an inch between the 
musrukr and mucous coata before they turn rather abruptly forward, 
and open tlirough the latter into the interior of the bladder. 

Micturition. — The contraction of the muscular walls of the bladder 
may by itself expel the urine with little or no help from other muscles, 
when the Kpliincter of the organ is relaxed. In so far. however, us it is a 
vohnitarfi act, micturition is performed by means of the abdominal and 
other expimtoiy muscles which, in their contraction, press on the abdom- 
inal viscera, the diaphragm being fixed, and cause the expulsion of the 
contents of the bladder. The muscular coat of the bladder co-operatea, 
in micturition, by reflex utrolimldri/ action, with the abdominal muscles; 
and the act la completed by the nvvelrrafor vniKP, which, as its name 
imidies, quickens the stream, and expels tlie last drops of urine from the 
nrethra. The act, so far as it is not directed by volition, is under the 
control of a nervous n-iiire in the lumbar spinal cord, through which, aa 
in the cilsc of tbe siuiiliir centre for defalcation (p. 28)^, the varioua 
muscles concerned are hiirmonized in their action. It is well known that 
the act may be reflexly iuduceil, ejj., in children who suffer from intes- 
tinal worms, or other sncli irritation. Genendly the afferent impulse 
which calls into at^tion the desire to mictunite is excited by over disten- 
tion of the bladder, or even by a few drops of urine passing into the 
urethra. 
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